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In this era of the Human Genome Project, quantitation 
of gene expression in tumor or host cells is of para- 
mount importance for investigating the gene patterns 
responsible for cancer development, progression and 
response or resistance to treatment. Quantitative real- 
time PGR (qrt-PCR) technology has recently reached a 
level of sensitivity, accuracy and practical ease that sup- 
ports its use as a routine bioinstrumentation for gene 
level measurement. Several applications have already 
been implemented in the field of cancer research, and 
others are being validated, showing that this molecular 
biology tool can provide both researchers and clinicians 
with precious information concerning the behavior of 
tumors. Knowledge of the biochemical principles 
underlying this biotechnology can be of great value to 
interpret correctly qrt-PCR data. 

PCR-based techniques enable us to obtain genetic infor- 
mation through the specific amphfication of nucleic acid 
sequences, starting with a very low number of target 
copies. These reactions are characterized by a logarithmic 
amplification of the target sequences; that is, increase of 
PGR copies followed by a plateau phase showing a rapid 
decrease to zero of copy number increment per cycle. 
Accordingly, the amount of specific DNA product at the end 
of the PGR run bears no correlation with the number of 
target copies present in the original specimen. However, 
many applications in medicine or research require 
quantification of the number of specific targets in the 
specimen both to study the reaction of the cell or cell 
population to a stimulus and to compare the gene profile of 
difierent samples. Although PGR analysis gives no 
information on the biologically active products of genes 
(i.e. proteins), functional genomics studies have demon- 
strated a tight correlation between the function of a 
protein and the expression patterns of its gene This 
provides a compelling reason for a gene profile-based 
formulation of scientific hypotheses. 

The fundamental importance of gene expression 
quantification methods in basic research, pharmaco- 
genomics and molecular diagnostics continues to direct 
efforts aimed at improving current methodologies as well 
as the development of novel technologies. Not all are based 
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on target amplification: the 'invader' assay is a develop- 
ment of the invasive signal amplification assay that 
combines two signal amplification reactions in series to 
generate and amplify a fluorescent signal in the presence 
of the correct target sequence [2]. However, reverse 
transcription (RT)-PGR-based assays are currently the 
most common method for characterizing or confirming 
gene expression patterns and comparing gene levels in 
different sample populations. Serial analysis of gene 
expression (SAGE) allows for high-throughput gene 
profiling [3]. However, this technique is cumbersome, 
time-consuming and requires multiple manipulations of 
the samples, increasing the risk of carry-over contami- 
nation. Furthermore, similar to Northern and Southern 
blot, it requires large amounts of input mRNA, making the 
analysis of hypocellular specimens impossible. 

Among the most promising innovations applied to 
conventional RT-PGR protocols is the development of 
quantitative RT-PGR such as competitive standardized 
RT-PGR and quantitative real-time PGR (qrt-PGR). These 
technologies present two major advantages: (1) the use of 
standardized competitor templates or standard curves, 
which permits comparison between experiments, and (2) 
the use of internal standards, which addresses the issue of 
variation in template starting amounts and operator- 
loading errors. Gompetitive RT-PGR is a time-consuming 
system, which is limited to sets of primers available from 
one supplier. Furthermore, it does not eliminate the errors 
associated with individuals performing the reactions. 

Gonceptual simplicity, practical ease and high-through- 
put capacity |4] have made real-time fluorescence detec- 
tion assay the most widely used gene quantification 
method [5j. In the field of oncology, qrt-PGR is experien- 
cing a rapid diffusion among investigators because of its 
potential applicability to several research areas. Qrt-PGR 
permits a highly sensitive quantification of DNA and 
transcriptional gene levels in a few hours, with minimal 
handling of the samples. The recent flood of reports using 
qrt-PGR in cancer research testifies the transformation of 
this technology from an experimental tool into the 
scientific mainstream. 

Principles 

The concept of 'real-time' PGR consists of the detection of 
PGR products as they accumulate [6]. Gurrent qrt-PGR 



http://tmm.trends.com 1 471-491 4/03/$ - see front matter © 2003 Elsevier Science Ltd. All rights reserved. doi:1 0.101 6/S1 471 -4914(03)00047-9 



190 



systems are based on a set of probe and primers, which 
accounts for the high specificity of the technique. The 
development of fluorogenic probes ehminated the need for 
post- PGR processing proper of previous systems [7] . Two 
main techniques are now available, which exploit the 
extension [81 or annealing [9] phase, respectively, to 
generate fluorescence emission (Figs 1,2,3). In both 
cases, the fluorescence signal increases with each PGR 
amplification cycle. The PGR cycle number at which 
fiuorescence reaches a threshold value of ten times the 
standard deviation of baseline fluorescence emission is 
used for quantitative measurement (Fig. 4). This cycle 
number is called the threshold cycle (Gt) and it is inversely 
proportional to the starting amount of target genetic 
material (Fig. 5). By using probes labeled with different 
fluorochromes characterized by unique emission spectra, 
more genes can be analysed at the same time within a 
given sample (multiplex qrt-PGR) [10]. 

Although qrt-PGR analysis is sometimes referred to as 
absolute gene quantitation, this term can be misleading. 
In fact, no matter what the source or how carefully it is 
measured, there is no way to know exactly how many 
copies of a known template truly exist in a given well of a 
known sample [11]. A more appropriate term for this 



Probe 




(a) 



Tag polymerase 



(b) 



Fluorescence emission 




uuuuuuuuuuuuuuuuu 

nnnnnnnnnnnnnnnnn 

Target gene 




TRENDS in Molecular Medicine 



Fig. 1. Principles of quantitative real-time PCR using fluorogenic probes: scheme 
of the extension-phase method with standard probe, in addition to forward and 
reverse primers, this system uses a probe, which is an oligonucleotide with both a 
reporter fluorescent dye (R) and a quencher dye (Q) attached at its 5' and 3' end, 
respectively. During the extension phase, the quencher can only quench the repor- 
ter fluorescence when the two dyes are close to each other. This is only the case 
for an intact probe. In fact, once amplification occurs, the probe is degraded by the 
5^-3^ exonuclease activity of the Thermophilus aquaticus {Taq) DNA polymerase 
and the fluorescence will be detected by means of a laser Integrated In the 
sequence detector. 

http://tfTim.trends.com 



(a) 




Beacon probe 



3' 



(b) 



nnnnnnnnnnnnnnnnnnnnnnnnnnn 

Target gene 

Fluorescence 
emission 




..nnnnnnnnnnnnnnnnnnnnnnnnnnn 

Target gene 



TRENDS in Molecular Medicine 



Fig. 2. Principles of quantitative real-time PCR using fluorogenic probes: scheme 
of the extension -phase method with beacon probe. Molecular beacons are hairpin- 
shaped molecules with an internally quenched fluorophore whose fluorescence is 
restored when they bind to a target nucleic acid. They are designed in such a way 
that the loop portion of the molecule is a probe sequence complementary to a tar- 
get nucleic acid molecule. The stem is formed by the annealing of complementary 
arm sequences on the ends of the probe sequence. A fluorescent moiety (R) is 
attached to the end of one arm and a quenching moiety (Q) Is attached to the end 
of the other arm. The stem keeps these two moieties In close proximity to each 
other, causing the fluorescence of the fluorophore to be quenched. When the 
probe encounters a target molecule, the molecular beacon undergoes a spon- 
taneous conformational reorganization that forces the stem apart, and causes the 
fluorophore and the quencher to move away from each other, leading to the res- 
toration of fluorescence. 

method is standard curve-based quantitation, as a 
standard curve (fivefold or tenfold serial dilution) of 
calculated amount of a given gene is used to quantify the 
gene abundance in a sample of interest. 

Because both the amount of genetic material added to 
each reverse transcription reaction tube (based on 
wavelength absorbance) and its quality (i.e. degradation) 
are not reliable parameters to measure the starting 
material, the number of copies of an endogenous control 
gene - generally referred to as housekeeping gene - is also 
quantified. For each experimental sample the value of both 
the target and the housekeeping gene are extrapolated 
from the respective standard curve equation (Fig, 5). The 
target value is then divided by the endogenous reference 
value to obtain a normalized target value independent 
from the amount of starting material. The assumption 
must be made that the chosen reference gene does not vary 
in copy number or expression level under different 
experimental conditions. Only if this assumption holds 
true will multiple samples be completely comparable. 

Main issues 

Normalization of results 

The identification of a valid reference for data normal- 
ization is a crucial issue in qrt-PCR experimental design. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is 
one of the most popular housekeeping genes, although it 
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Fig. 3. Principles of quantitative real-time PCR using fluorogenic probes: scheme 
of the annealing phase method. In this case, two different probes are used, one 
carrying a fluorescent reporter at its 3' end (Rl), whereas the other carries another 
fluorescent dye at its 5' end {R2). The sequences of these two oligonucleotides are 
selected such that they hybridize to the amplified DNA fragment in a head-to-tail 
arrangement. When the oligonucleotides hybridize in this orientation, the two flu- 
orescence dyes are positioned in close proximity to each other. The first dye (R1) 
is excited by the filtered light source and emits a fluorescent light at a slightly 
longer wavelength. When the two dyes are in close proximity, the energy emitted 
by R1 excites R2 attached to the second hybridization probe, which subsequently 
emits fluorescent light at an even longer wavelength. This energy transfer is 
referred to as fluorescence resonance energy transfer (FRET). Choosing the appro- 
priate detection channel, the intensity of the light emitted by R2 is filtered and 
measured. 



has been documented that GAPDH mRNA levels are not 
always constant [12], particularly under the same patho- 
logical conditions [13 1 . We and other authors routinely use 
^-actin as housekeeping gene [14,15j. Even though the 
issues regarding ^-actin gene regulation and pseudogene 
existence have been raised [16,17], the consistency of 
results jdelded over time supports ex adjuvantibus the use 
of this reference gene. Alternatively, rRNA, which makes 
up the bulk of a total RNA sample, is another normalizer 
that has been proposed 116], despite reservations concern- 
ing its expression levels, transcription by a different RNA 
polymerase and possible imbalances in rRNA and mRNA 
fractions between different samples [18]. Other investi- 
gators have advocated normalization to total cellular RNA 
as the least unreliable method [19]. However, little is 
known about the total RNA content per cell of different 
tissues in vivo, or how this might vary between individuals 
or between normal and tumor tissue. To minimize the 
potential variability characteristic of each single house- 
keeping gene, some investigators have recently proposed 
the normalization of qrt-PCR data by geometric averaging 
of a set of reference genes [20] . 
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Fig. 4. |3-actin amplification plot illustrating the nomenclature typically used in 
quantitative real-time PCR experiments. The amplification plot is the plot of fluor- 
escence signal versus PCR cycle number. The signal measured during these PCR 
cycles is used to plot the threshold. The threshold is calculated as ten times the 
standard deviation of the average signal of the baseline fluorescent signal. A fluor- 
escent signal that is detected above the threshold is considered a real signal that 
can be used to define the threshold cycle (Ct) for a sample. The Ct is defined as the 
fractional PCR cycle number at which the fluorescent signal is greater than the 
minimal detection level. The Ct values of different p-actin concentrations are used 
to generate the standard curve and then calculate the relative equation (Fig. 4). 



mRNA ceil source 

When dealing with cell lines or in vitro purified cell 
populations the issue of gene expression normalization is 
strictly about the best way to measure correctly gene copy 
number. Ex vivo samples present an additional problem 
regarding qrt-PCR data interpretation. In fact, until 
recently, in vivo RNA extractions and subsequent analyses 
could only be performed from whole-tissue biopsies with 
little regard for the different cell types contained within 
that sample. This inevitably results in the averaging of the 
expression of different cell types and the expression profile 
of a specific cell type might be masked, lost or ascribed to 
and dismissed as illegitimate transcription because of the 
bulk of the surrounding cells. This is particularly relevant 
when comparing gene expression profiles between normal 
and cancer tissue because normal cells adjacent to a tumor 
might be pheno typically normal, but ge no typically abnor- 
mal or exhibit altered gene expression profiles because of 
their proximity to the tumor [21], and some tumors have 
significantly larger immune cell infiltrates than others 
[22] . Recent technological developments might bring a 
solution to this important issue. In particular, the 
introduction of laser capture microdissection represents 
a crucial step forward 123,241, permitting the extraction of 
a pure subpopulation of cells from heterogeneous in vivo 
cell samples for detailed molecular analysis [251. Further- 
more, after the introduction of RNA linear amplifica- 
tion [26], the issue of limited amount of genetic 
material obtained from tissue microdissection can be 
easily overcome. Because this RNA method is charac- 
terized by a 5^ -biased gene amplification, particular 
attention must be paid to probe or primer design, so that 
they span the 3' -flank of a given transcript sequence. 
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Fig. 5. p-actin standard curve plot for calculation of PCR efficiency and quanti- 
tation. A tenfold serial dilution of a positive control template is used to generate 
the standard curve. The resulting threshold cycle (Ct) values for each input annount 
of tennplate are plotted as a function of the logno concentration of input announts 
and a linear trend-line is fitted to the data. This is done both for optinnizing a PCR 
reaction as measured by the PCR efficiency and for quantitation of unknown 
samples. The resulting slope of the line fitted to the data is used to determine 
the PCR efficiency as shown in the formula. An ideal slope should be 3.32 for 100% 
PCR efficiency; in this example it is 97.6%. Optimal standard curves are based 
on PCR amplification efficiency from 90-100% (100% meaning that the amount 
of template is doubled after each cycle), as demonstrated by the slope of the stan- 
dard curve equation. Linear regression analysis of all standard curves should 
show a high correlation (R^ coefficient >0.99) to be considered suitable for gene 
levels quantitative analysis. The function that defines this slope is also used to cal- 
culate the amount of unknown samples. Most real-time PCR instruments have 
software that can automatically compute the amount of template of an unknown 
sample from a standard curve. However, it can be done manually by putting the 
observed Ct value for an unknown sample into the following formula: (observed 
Ct - y intercept)/slope. 

Applications in cancer research 

The range of qrt-PCR applications in the field of oncology is 
immense and has been fuelled in part by the proliferation 
of low-cost instrumentation and reagents. The following 
paragraphs are not meant to be a comprehensive overview, 
but rather to give a sense of the versatility of qrt-PCR and 
its potential applicability. 

Detection of minimal residual disease 

A high percentage of patients with leukemia or lymphoma 
achieve a complete clinical remission after initial treat- 
ment. However, many of these patients will eventually 
relapse from residual tumor cells undetected by the 
common staging procedures. The focus of the study of 
minimal residual disease (MRD) is to redefine the concept 
of tumor remission by using more sensitive molecular 
techniques to detect level of disease burden below the 
resolution threshold of conventional pathology. The PCR- 
based qualitative (yes versus no) detection of MRD is 
associated with a relative increase in relapse rate [27]. 
However, even without relapse, some patients affected 
with hematological malignancies will still test positive for 
the tumor marker using standard PCR techniques [28]. 
Perhaps limited by the detection of rare pre-leukemic cells, 
standard PCR techniques are not capable of stratifying 
patients, and the amount of fusion product might be a 
better prognostic indicator. The quantification of disease 



burden by qrt-PCR can greatly strengthen the relationship 
of MRD and subsequent relapse, permitting a truly 
'tailored' individual therapy. Recent studies on acute 
myeloid leukemia [29,30] and acute lymphoblastic leuke- 
mia [15,31] support the use of qrt-PCR for detecting tumor- 
specific fusion products to identify high-risk patients who 
might benefit from further treatment. Similarly, qrt-PCR 
has been used to quantify translocation fusion transcripts 
(i.e. BCR-ABL) in chronic myeloid leukemia before and 
after allogeneic transplant [32] , to determine the response 
to treatment with interferon-a [331 , to monitor IVERD [34] 
in patients with follicular lymphoma [35], and to evaluate 
tumor burden in stem-cell harvests for the treatment of 
patients with non-Hodgkin's lymphoma [36]. JMany of 
these studies have benefited greatly from the application 
of qrt-PCR methods. In fact, for the molecular detection of 
rare tumor cells in clinical samples, qrt-PCR offers two 
important advantages over conventional RT-PCR assays: 
the results are quantitative and, perhaps more impor- 
tantly, it facilitates exact sensitivity controls on a *per 
sample' basis as well as exact comparison of different assay 
protocols. In particular, the use of qrt-PCR is becoming a 
necessary research tool for detecting the molecular events 
underlying disease recurrence and might guide thera- 
peutic decisions based on how individual patients respond 
at the molecular level. Thus, quantitative measurements 
can be used to define correlations between the amount of 
fusion products and clinical outcome. 

Although the clinical utility of PCR-based JMRD 
evaluation for hematological malignancies is well estab- 
lished, the experience with solid tumors is more limited. 
Although some investigators have reported on the prog- 
nostic value of solid tumor IVIRD detection at the molecular 
level [37], there is no general consensus on its clinical 
significance [38] . Unlike hematological malignancies, solid 
tumors are rarely characterized by specific chromosomal 
translocations, and tumor-specific markers are only 
expressed by some tumor types and in a relatively low 
percentage of cases. In addition, the issue of illegitimate 
gene transcription jeopardizes the reliability of some 
tumor markers, such as C3rtokeratins [39]. The assessment 
of circulating tumor cells by means of qrt-PCR has been 
evaluated for different solid tumor types such as mela- 
noma, colon, breast and prostate carcinoma [40-43]. 
Furthermore, some investigators have recently proposed 
the use of qrt-PCR for the detection and quantification of 
MRD in sentinel lymph nodes obtained from patients with 
different solid tumors [44,45] . In fact, whereas histopatho- 
logical examination of sentinel nodes is time-consuming 
and might miss microscopic disease made of few malignant 
cells, qrt-PCR potentially offers a rapid way to identify and 
quantify sentinel node micrometastases. Large prospec- 
tive studies are needed to demonstrate definitively the 
postulated correlation between the detection of circulating 
tumor cells or sentinel node micrometastases and the 
clinical outcome for patients. 

Tumor immunology 

Tetramer-based analysis of circulating lymphocytes can 
accurately enumerate the number of T cells elicited by the 
peptide-based anticancer vaccine but does not yield 
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information about their functional status 1 46] . Because of 
their low frequency, the study of cytotoxic T lymphocytes 
cytofluorimetrically sorted using HL A- peptide -tetramer 
complexes is greatly limited. We recently reported on the 
use of qrt-PCR to assess directly the immune status of 
peripheral blood mononuclear cells (PBMC) from patients 
with melanoma undergoing peptide-based vaccination 
[47]. By testing PBMC for expression of the mRNA 
encoding interferon-7 (IFN-7), it was found that PBMC 
respond to a vaccine-specific stimulus in a direct assay, 
without requiring prolonged in vitro manipulations [48]. 
Comparative analysis of different monitoring methods 
demonstrated that vaccine-induced sensitization of 
circulating lymphocytes correlated with results obtained 
with classical in vitro sensitization methods [14], as well as 
T-cell pheno typing with HLA- peptide— tetramer complexes 
and intracellular cytokine detection by C3^ofluorimetric 
analysis [49,501. In addition to monitoring immune reactiv- 
ity against individual tumor- associated peptides restricted 
by specific HLA molecules, qrt-PCR can also be applied to 
analyse immune reactivity against whole proteins, mixtures 
of proteins or even whole tumor cells without linowledge of 
the relevant peptides or restriction elements [51]. 

In the assessment of the therapeutic efficacy of specific 
cancer treatment, analysis of immune responses in 
circulating lymphocytes (systemic response) might not 
be as relevant as the analysis of the same effector 
populations within the tumor microenvironment (periph- 
eral response). A very promising application of qrt-PCR 
for the immune monitoring of cancer patients is its use for 
the documentation of immune or tumor cell interactions 
within the tumor microenvironment [52] . This can only be 
done using qrt-PCR because other methods (e.g. immuno- 
histochemistry and flow cytometry) require larger 
amounts of material. We applied qrt-PCR to the analysis 
of specimens obtained from fine-needle aspirates. Using 
this strategy we could follow dynamic changes in 
expression of tumor- associated antigens [53], cytoliine 
expression and other immune-cell-specific markers [48,54] 
during immunization. Although some of these markers 
could have been followed by immunohistochemistry, for 
others there was no available antibody. In addition, the 
limited amount of material obtainable with fine- needle 
aspiration would not have permitted the preparation of a 
sufficient number of cytology slides to study more than a 
few markers, whereas the RNA extracted and linearly 
amplified [26] permitted the study of an unlimited number 
of genes [52]. Likewise, we followed the mRNA expression 
of some cytokines [IFN-7, interleukin-10 (IL-10), trans- 
forming growth factor-pl (TGF-pl) and TGF-32] before 
and during patient vaccination [54]. Surprisingly, IL-10, 
which is generally considered an immunosuppressive 
molecule, was overexpressed in pre-treatment samples 
that responded to vaccination. This finding led us to revisit 
IL-10 functions and further study its properties, showing 
that this cytokine might have an important role as a bridge 
between innate and adaptive immune responses [55] . 

DNA copy-number measurement 

DNA copy-number dosage is important in determining the 
extent of genomic imbalance that underlies most 



malignancies. There are numerous techniques available 
for measuring DNA copy number in tumors, each method 
presenting specific advantages and disadvantages. Com- 
parative genomic hybridization (CGH) can detect 
imbalances across the entire genome, but at relatively 
low resolution. Fluorescent in situ hybridization (FISH) 
can provide copy-number measurements in a cell-specific 
manner, but it is difficult to perform in high-throughput 
and is difficult to count 25 or more DNA copies. PCR has 
been used for determining allelic imbalance (or loss of 
heterozygosity) using polymorphic simple -sequence 
repeats [56] . However, if it is performed as an end- point 
PCR assay, quantitative conclusions can be misleading. 
Qrt-PCR has been used in several studies in which allelic 
imbalance is determined [57,58]. To evaluate the clinical 
relevance of SMAD4 deletion, gene copy alterations were 
determined by using qrt-PCR in colorectal tumor biopsies 
i59i. Patients with normal SMAD4 diploidy turned out to 
have a threefold higher benefit of 5-fluoro-uracil-based 
adjuvant chemotherapy, thereby suggesting SMAD4 as a 
predictive marker of chemosensitivity in colorectal cancer. 
In a similar study, DcR3 gene copy number was measured 
in a large series of colorectal cancers from a randomized 
multicenter trial of 5 -fluoro- uracil/mitomycin- C adjuvant 
chemotherapy [60]. The investigators observed that 
adjuvant chemotherapy was significantly more beneficial 
in patients with normal DcR3 gene copy number than in 
patients with amplification, confirming that qrt-PCR- 
based pharmacogenomic studies can provide useful 
information of clinical interest. 

Genomic mutation and poiymorptiism 
Identification of BRCAl and BRCA2 mutations permits 
molecular diagnosis for breast cancer susceptibility. A 
high-throughput automated allelic discrimination assay 
has been proposed to detect the prevalent mutations in 
these genes [61]. Two allele-specific oligonucleotides are 
directly used in the PCR reaction, in both of which the 
fiuore scent reporter and quencher dyes are attached to the 
5' and 3' ends, respectively. During PCR, fiuorescence is 
generated after cleavage of the annealed primer by the 5' 
nuclease activity of Taq polymerase. The wild- type BRCA 
sequence can be distinguished from the mutant sequence 
by the differential fiuorescence emission of two different 
reporter dyes. The sensitivity of allelic discrimination 
assay is at the level of a single cell following a nested PCR 
without the need for radioactivity, gel electrophoresis, 
or membrane blotting or hybridization. The same 
technique has recently been used for the identification 
of single nucleotide polymorphisms (SNPs) in the 
human genome [62], which has already proved to be 
of clinical use to determine the relative percentages of 
donor and recipient cells present in the recipient after 
allogeneic bone marrow transplant engraftment [63]. 
Compared to Southern hybridization analysis, qrt-PCR 
results highly correlated. Although additional develop- 
ment will be necessary to produce a panel of highly 
informative SNP for clinical use, qrt-PCR-based SNP 
assay could ultimately provide more accurate quanti- 
fication and shortened turn-around time compared 
with current post-engraftment assays. 
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Conclusions 

Measurement of gene expression levels can provide 
investigators with precious information to dissect the 
molecular mechanisms underljdng cancer behavior. To this 
aim, qrt-PCR has already reached a high level of reliability 
and practical ease that makes it suitable not only in 
the research field but also in the clinical setting. 
Moreover, qrt-PCR versatility is opening new avenues 
of application in the search for user-friendly, high-tech 
molecular biology tools. 
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EVIDENCE-BASED DERMATOLOGY: ORIGINAL CONTRIBUTION 



A cooperative effort of the Clinical Epidemiology Unit of the 
Istituto Dermopatico delVlmmacolata-lstituto di Recovero e Cura a Carattere Scientijico (IDMRCCS) 

and the Archives of Dermatology 

A Meta-analysis of Reverse Transcriptase-Polymerase 
Chain Reaction for Tyrosinase mRNA as a Marker 
for Circulating Tumor Cells in Cutaneous Melanoma 

Hensin Tsao, MD, PhD; Uma Nadiminti, BA; Arthur J. Sober, MD; Michael Bighy, MD 



Objective: To systematically review the use of reverse 

transcriptase-polymerase chain reaction (RT-PCR) for 
tyrosinase messenger RNA as a molecular serum marker 
for metastatic melanoma. 

Data Sources: Computerized searches (1966-1999) of 
the PubMed and MD Consult databases and a manual 
search of retrieved article references. 

Study Selection: Cohort studies containing test sub- 
jects and negative controls were reviewed. 

Data Extraction: Three investigators independently 
screened abstracts for relevant studies and 2 investiga- 
tors independently reviewed all eligible studies. 

Data Syntiiesis: Of 127 identified studies, 50 were re- 
viewed in detail and 23 met all inclusion criteria. From 
these 23 studies, the PGR methods, the total number of 
patients, the number of control subjects, and the num- 
ber of RT-PCR-positive patients per stage were ana- 



lyzed. Results of RT-PCR for tyrosinase messenger RNA 
were positive in 18% (95% confidence interval [CI] , 3%- 
22%) patients for stage 1 disease, 28% (95% CI, 23%- 
34%) for stage II disease, 19% (95% CI, 16%-21%) for 
stage mi localized disease, 30% (95% CI, 26%-34%) for 
stage 111 disease, and 45% (95% CI, 41%-50%) for stage 
IV disease. Specificities were 100% in all but 1 study. Re- 
sults of RT-PCR were positive in only 0.4% of healthy 
controls and patients with nonmelanoma cancer. 

Conclusions: The lack of data on the outcome of stage 
I, II, and III patients who were RT-PCR positive and the 
low prevalence of RT-PCR positivity in patients with 
known stage IV disease limit the applicability of this test 
at this time. Ongoing and future studies on a quantita- 
tive RT-PCR, amplification of multiple melanoma- 
associated antigens, and use of the test as a prognostic 
indicator might improve the utility of this molecular se- 
rologic tool. 

Arch Dermatol. 2001;137:325-330 
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EFFORTS TO favorably impact 
cancer mortality have led to 
a rising interest in sero- 
logic markers, such as pros- 
tate-specific antigen.^ In 
theory, a valuable tumor marker should 
be able to clarify diagnosis, quantita- 
tively measure therapeutic response, and 
more accurately predict outcome. Al- 
though prostate-specific antigen is one of 
the most frequently used serum tumor 
markers, the utility of this test as a screen- 
ing and surveillance tool still remains con- 
troversial.^""^ 

Cutaneous melanoma has grown rap- 
idly in incidence during the past several de- 
cades. In 2000, an estimated 47700 cases 
of cutaneous melanoma occurred, with 
7700 deaths^ in the United States. Al- 
though the prognosis of cutaneous mela- 
noma best correlates with tumor thick- 
ness,^ there has been much interest in recent 
years on more sensitive and specific sero- 



logic markers for advanced disease. Radio- 
labeled monoclonal antibodies against 
melanoma antigens have been used to 
target and image metastatic deposits, al- 
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MATERIALS AND METHODS 

We used MDConsult and PubMed (which includes 
MEDLINE, PreMEDLINE, and HealthSTAR) to conduct a 
computerized search for articles containing "PGR," 
"tyrosinase" and "melanoma" as text keywords (not Medi- 
cal Subject Headings). We included articles indexed 
between January 1, 1966, and December 31, 1999. Three 
of us (H.T., AJ.S., and U.N.) initially screened the titles 
and abstracts for relevance; articles that were considered 
pertinent were retrieved and reviewed in full. Relevance 
was defined as original published clinical investigations 
(excluding ill-defined abstracts from proceedings of meet- 
ings) pertaining to patients with melanoma (not animal 
models or in vitro cell line studies) involving peripheral 
blood molecular analysis. The bibliographies of all 
reviewed articles were then further cross-referenced for 
unaccounted studies. 

The following criteria were used to select articles to 
include in this review: 

1 . Primary cohort studies of patients with melanoma 
and not review articles, abstracts, or preliminary reports. 

2. Studies with clearly identified negative ("no dis- 
ease") controls (healthy individuals or patients with can- 
cer but not melanoma) . 

3. The stage of the melanoma is clearly stated at the 
time of RT-PCR analysis. In some studies, a 3-stage system 
was used: stage I, localized disease; stage II, regional nodal 
metastases; and stage 111, distant metastases. In other stud- 
ies, a 4-stage system was used: stage 1, localized melanoma 
1.5-mm or less thick; stage 11, localized melanoma greater 
than 1.5-mm thick; stage 111, regional nodal metastasis; and 
stage IV, distant metastasis. 

4. Studies that examined cutaneous melanoma (uveal 
and other melanomas were excluded). 

5. Studies that examined tyrosinase as a distinct re- 
ported molecular marker. Studies that examined other mark- 
ers but did not separate tyrosinase from the analysis were 
excluded. 

6. Studies that included analysis of peripheral blood 
samples. Studies limited to nodal RT-PCR were excluded. 

7. Studies in which the RT-PCR status of individu- 
als, not specimens, were clearly defined. In studies in which 
multiple samples were obtained from an individual, the sta- 
tus of the patient was considered not the status of the blood 
specimens. Studies that do not report patient status but only 
specimen positivity were excluded; in these studies, mul- 
tiple positive samples from a positive individual may skew 
the analysis. 

8. Studies with nonoverlapping populations (inclu- 
sion of duplicate articles written on a single group of pa- 
tients would falsely elevate the total number of patients and 
inappropriately emphasize the results of the study). 



DATA EXTRACTION 

Each article was then analyzed independently by 2 of us (H.T. 
and U.N.) in detail, and pertinent results were obtained from 
each study. For each article, we assessed whether (1) an in- 
dependent, masked comparison with a reference standard 
was used; (2) the spectrum of patients was appropriate for 
the clinical setting; (3) the details of the PGR reaction were 
sufficiently detailed; and (4) the results affected the deci- 
sion to perform standards. 

For each study, multiple 2X2 tables were con- 
structed for patients based on 3-stage and 4-stage systems. 
For studies that used the Americanjoint Committee on Can- 
cer (AJCC) 4-stage system, we examined stages 1, 11, 1/11 
(localized disease). 111, and IV in separate 2X2 analyses. 
For studies that used a 3-stage system, we considered stage 
I as localized disease (combined with stage I/II aggregate 
in the AJCC 4-stage system), stage II as regional disease 
(combined with stage III in the AJCC 4-stage system) , and 
stage III as distant disease (combined with stage IV in the 
AJCC 4-stage system). Thus, in the final construction, the 
AJCC 4-stage system was used and the 3-stage system was 
converted to the current 4-stage nomenclature. Five 2X2 
tables were created for stages I, II, I/II, III, and IV. 

There was no quantitative cutoff level for an RT-PCR- 
positive result. A result was considered positive if a band, 
which corresponded to the predicted amplicon size, was vi- 
sualized on an ethidium bromide-stained agarose gel. 

For each study, we determined whether an indepen- 
dent, masked-comparison standard diagnostic test of dis- 
ease was applied, whether RT-PCR was evaluated in an ap- 
propriate spectrum of patients, and whether the criterion 
standard was applied regardless of the results of RT-PCR. 

ANALYSIS 

Meta-analysis was performed using the META-ANALYST soft- 
ware program (Joseph Lau, New England Medical Center, Bos- 
ton, Mass). Raw data from all the studies were pooled, and 

overall sensitivity and specificity were determined for pa- 
tients in stages 1, 11, 1/11 (localized disease). 111, and IV. For 
each aggregate stage analysis, the number of negative con- 
trol patients was the sum of the negative controls used in each 
study that contributed to the pooled test population in that 
stage. Pooled likelihood ratios were calculated using META- 
ANALYST's random effects model. The likelihood of a posi- 
tive test result (LR+) is defined as the percentage of people 
with disease who have a positive result divided by the per- 
centage of people without disease who have a positive re- 
sult. The likelihood of a negative test result (LR-) is defined 
as the percentage of people with disease who have a nega- 
tive result divided by the percentage of people without dis- 
ease who have a negative result. Traditionally, LR+ = sensitivity/ 
(1 - specificity) and LR- = (1 - sensitivity )/specificity. 



though the sensitivity of this approach has been reported 
to be 16% to 96%^. In one study, Sonesson et aP found 
serum tyrosinase activity to be elevated in patients with 
metastatic melanoma. Tyrosinase is an attractive mela- 
noma tumor marker because expression of this enzyme 
is predominantly found in melanocytes and is essentially 
limited to cells of neural crest derivation.^ With the de- 
velopment of reverse transcriptase-polymerase chain re- 



action (RT-PCR) as a highly sensitive molecular diagnos- 
tic tool, Smith et aP^ first devised an assay to detect ty- 
rosinase messenger RNA (mRNA) in the peripheral blood 
of patients with metastatic melanoma. Since this initial pub- 
lication, there has been waxing enthusiasm for this assay 
in the scientific and lay communities. To date, there have 
been approximately 50 publications addressing the util- 
ity of tyrosinase RT-PCR as a serologic and nodal staging 
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Table 1 . Positivity Rates Accortfing to Stage of Disease From 23 Studfes Used in tlie lyieta-anafysis 



Study 



Total Anatyzeii (Localized) (LoGatized) 



Stage m\ 
{Locatized) 



(Begiona)) 



$tage IV 
(Oisfanf) 



Negative Controls 



Voit etal,^^ 

Smttt? at 8^,^*1991 
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Battayam 6131,^^995 
Fqss et 31,2^995 
ReinhQid etal^MW 
Stevens etal/M 996 
Ghosseinetaf.^M998 

lliliiiiliillllli 

0Connel[etaM^1998 
MelladQ et ai;M99g 
Le Briconetai;^ 1999 
Kuflteretaf,^M996 
Brossart etal,^M99a 
S<Jhittek@tal,2^im 
Curry etai,3M999 
H^fiekom etal,^M999 
Afaoetal.s^ 1999 
Tessier et al,^^ 1 997 
Kopreskieial,^M999 
Tatai 
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1/43 
9 

53/154 
6/46 
2/10 
Q 
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1/5 
2/16 
14/39 
0 

2/4 
2/11 
0 

0/16 

21/119 

34/89 
10/143 
0 

0/42 
0 



11/24 

a/15 

24/49 
7/41 

8/18 
0 

1/21 
2/4 

6/40 
7/17 
0 

3/9 

6/33 

1/10 

Q/14 

6/17 

55/97 
0/10 
1/4 
0/2<3$ 
6 

146/492 



9/12 
12/44 
4/5 
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16/36 
16/32 
0/6 
5/13 
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33/35 
13/50 
2/3 
2/13 
4/20 
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0/12 
5/17 
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0/41 

0/20 

0/14 

2/31 

0/20 

0/25 

0/25 
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0/1 

0/9 

Q/56 
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0/12 
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*Data are given as number of tyrosinase-positive patients/total number of patients in the particular stage. NS indicates not separated. 
t Thirty-two high-risk post-nodai dissection patients were not included (58 samples, not patients, 
i Negative at initial testing with other specimens. Patients were retested with transient positivity. 



ime 2. Overall Sensitivity, &fieisffii%^ and Lit^lthenii Sailer Aecordtnt to Sfcaieof Dls^ase"^ 



stage $«nsjttvity (95% Ci), % Spet^ficity (95% U), % immm Ratio + {95% Ct)t IMliQOd Rafm - {95% 



I 18(3-22} 100 (99-100) 7 (2-28) 0 8(Q7-0 9i 

li 28(23-34) 100 (99-100) 13(4-41) 0.7 (0 6-0 8} 

l/ll (localized) 19 (16-21) 100 (99-100) 6 (3-11) 0.9 (0.8-Q.91 

\\\ 30(26-34) tClCI(99>-10G) 8(4^15) 0,8 (O.^'-QJ) 

IV 4S(41>-59) 199(^19(5) 12(6-22) 0,6 (Q.5-9J) 



*CI indicates confidence interval. 

1 7776 likelihood of a positive test result. See the "Analysis" subsection of the "Materials and Methods" section for a definition. 
iThe likelihood of a negative test result. See the "Analysis" subsection of the "Materials and Methods" section for a definition. 



tool. Because a critical body of literature now exists 
evaluating tyrosinase mRNA in the peripheral blood of 

patients with cutaneous melanoma, we performed a 
meta-analysis of the extant studies to determine the 
specificity, sensitivity, and likelihood ratio of this RT- 
PCR assay and attempted to assess its usefulness and 
limitations in clinical practice. 





RESULTS 









The PubMed and MD Consult searches yielded 127 and 
90 titles, respectively; all relevant articles from the 

MD Consult search were contained in the PubMed search 
results. Of these, 50 studies were reviewed in detail and 
23 met all inclusion criteria. ^^"^^ 

The spectrum of patients was biased for advanced 
disease. For instance, several studies^^'^^'^^'^^'^^ included 
only stage III or IV patients. Of the 23 studies, only 
yi2-i4,i8,2i,27,29 specifically delineated their methods for 



staging patients with melanoma. Most studies relied on 
the history, physical examination, chest radiograph, and 
complete blood cell count for their staging procedure. Nine 
studies^^'^''''^^'^^'^^'^'^'^^'^^'^^ also provided information regard- 
ing the timing of blood sample collection relative to stag- 
ing or therapeutic procedures. Patients were multiply 
sampled in 9 studies^^'^^'^^'^^'^''^^'^^^^; however, negative con- 
trols in these studies were never sampled over time. 

The aggregate number of RT-PCR tyrosinase- 
positive patients and the total number of tested patients 
are shown in Table 1 . Of 1799 patients analyzed in 23 
studies, RT-PCR was positive for tyrosinase in 52 of 291 
in stage I, 84 of 296 in stage II, 15 1 of 806 with localized 
disease (stage I/II in the 4-stage system stage I in the 
3-stage system), 146 of 492 in stage III, and 227 of 501 
in stage IV. Since the stage I (n=291) and stage II (n=296) 
were included in the stage I/II localized disease popula- 
tion (n=806), these duplicates were not counted in the 
final total (N = 1799). 
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Thus, RT-PCR was positive for tyrosinase mRNA in 
18% (95% confidence interval [CI], 3%-22%) of pa- 
tients with stage I disease, 28% (95% CI, 23%-34%) with 
stage II disease, 19% (95% CI, 16%-21%) with stage I/II 
localized disease, 30% (95% CI, 26%-34%) with stage III 
disease, and 45% (95% CI, 41%-50%) with stage IV dis- 
ease (Table 2). Two of 521 negative control persons had 
positive RT-PCR reactions. These controls included 
healthy individuals and patients with cancers other than 
melanoma ("cancer controls")- The extremely low false- 
positive rate among the control population (2/521 or 
0.38%) yields uniformly high specificity (Table 2). The 
specificity for each stage is calculated based on the total 
number of negative control cases generated from the stage- 
appropriate studies. 

The LR+ for each stage is underestimated because most 
studies had no false-positive results. By design, META- 
ANALYST adds 0.5 to all the zeros in calculating the LR+. 
The LR- is close to 1 for all stages. Thus, a negative test re- 
sult will not significantly change the probability of disease. 

For most studies, blood samples for RT-PCR were 
obtained at the time of staging. Some studies used radio- 
logic examinations and blood tests to determine the stage 
of disease, whereas most studies did not specify tests be- 
yond clinical examination. There was no independent, 
masked-comparison standard diagnostic test of disease 
described or applied in the studies. For most studies, the 
method of patient selection was not described in detail 





COMMENT 









There has been growing enthusiasm for molecular sero- 
logic markers to aid in the diagnosis and prognosis of pa- 
tients with melanoma; however, to date, the results have 
been variable. Tyrosinase is an attractive candidate marker 
because expression of this gene is relatively limited in 
distribution.^ Our meta-analysis suggests, however, that 
RT-PCR for tyrosinase mRNA in the blood of patients with 
melanoma is of limited value given the unreliability of 
the test at the current time. Although there is a general 
trend toward increasing prevalence with greater tumor 
volume (18% for stage I and 45% for stage IV disease), 
the failure of the current test to identify more than half 
of the patients with known metastatic disease restricts 
its use in the clinical setting. 

There are several procedural and methodological 
problems in reviewed studies that further limit the use- 
fulness of RT-PCR. There was a bias in enrollment in many 
of the studies. The distribution of localized, regional, and 
distant disease is clearly skewed toward advanced dis- 
ease compared with the population-based incidence. In- 
vestigators might have recruited patients with known 
metastatic disease to optimize the prevalence of a posi- 
tive RT-PCR result. Alternatively, because many studies 
originated from oncology units, patients with early dis- 
ease might have been excluded purely by referral bias or 
included because the patients have high risk for future 
recurrence. Consecutive enrollment in a multidisci- 
plinary unit or random selection of patients would lead 
to a more accurate disease distribution. 

Many studies collected multiple samples and per- 
formed multiple analyses on the same patient popula- 



tion. Follow-up analyses were usually obtained during 
routine interval surveillance. However, the negative con- 
trol populations were not sampled at the same fre- 
quency. Thus, there is selective multiple sampling of a 
high-risk population, with minimal sampling of healthy 
individuals. This practice can potentially increase the false- 
positive rate in high-risk patients and decrease the false- 
positive rate in healthy donors, thus leading to an ap- 
parent improvement in sensitivity and specificity. If 
multiple sampling is to be used, nondiseased controls, 
patients with early disease, and patients with late dis- 
ease should be sampled at equivalent intervals. Several 
groups^^'^^'^° sampled patients' blood over time during fol- 
low-up, and results from these small series suggest that 
positive tyrosinase detection might be negatively asso- 
ciated with disease-free survival. 

In addition to blood sample collection, sample pro- 
cessing might also increase variabiKty. Three sources of RNA 
have been used in various studies: whole blood, plasma- 
depleted whole blood, and density gradient-purified mono- 
nuclear cells. Because whole blood and plasma- depleted 
whole blood contain abundant erythrocyte RNA, the 
amount of tyrosinase mRNA is diminished relative to to- 
tal RNA. On the other hand, density gradient-purified 
mononuclear cells, in theory, enrich tyrosinase mRNA by 
eliminating erythrocyte RNA contamination; however, the 
additional processing might also lead to loss of cells or RNA 
degradation. In a series of 50 stage IV patients, Jung et aP^ 
found that 10% of patients were RT-PCR positive \\i.th whole 
blood preparations and 26% were positive after FicoU- 
Hypaque density gradient purification. One patient, how- 
ever, who was positive by whole blood amplification be- 
came negative after density gradient purification. Delays 
in sample processing and improper mRNA extraction pro- 
tocols can lead to technical false negatives and underesti- 
mate the sensitivity of the RT-PCR procedure. More uni- 
form sampling of individuals and processing of blood need 
to be adopted in future methods. 

Most studies used 2 rounds of PCR (30 cycles each) 
with nested primers, as defined by Smith et al.^^ In the origi- 
nal study, a second round of amplification enhanced de- 
tection. In spiking experiments, several investiga- 

7,32,34 documented the sensitivity of RT-PCR t^Tosinase 
to be in the range of 1 melanoma cell in 1 to 10 mT of blood, 
depending on the melanoma cell line used as positive con- 
trols. Because the body contains approximately 5 T of 
blood,^^ the approximate number of steady state circulat- 
ing melanoma cells required for detection is 1000 (5000 
mL/1 cell per 5 mT). Because this steady-state pool of blood- 
bome melanoma cells is a function of tumor shedding and 
tumor clearance, inconsistent shedding can lead to vari- 
able results. To this end, Reinhold et aP^ observed that in 
8 hours, 2 patients oscillated between being RT-PCR posi- 
tive and negative, suggesting that tumor cell shedding might 
be intermittent and unpredictable. This oscillation sug- 
gests low volume release or infrequent shedding. To re- 
main above the detection threshold consistently, the tu- 
mor can shed large amounts of cells at infrequent intervals 
(eg, once-a-day intravenous drug delivery model) or small 
amounts of cells at frequent intervals (eg, tetanus model). 
In both models, the rate of tumor release into the blood 
must initially exceed the rate of tumor clearance from the 
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blood, otherwise a detectable pool of circulating tumor cells 
would never be established. 

Given the sensitivity of the nested PGR technique 
itself, it is somewhat surprising that there were so few 
false positives in the healthy donor and nonmelanoma 
cancer population. Hanekom et aP^ reported 1 false- 
positive tyrosinase RT-PGR reaction in 50 healthy con- 
trols and concluded that the frequency of melanocyte con- 
tamination from needlesticks was 2%. Evidence from the 
literature suggests that the contamination rate is almost 
10-fold less (0.37%). 

The uniformly high specificity results from the low 
false-positive rate. However, the low false-positive rate 
might be artif actual as a result of study design. In almost 
all studies, healthy donors and patients with nonmela- 
noma cancer are considered the "no disease" cohort. If this 
is the case, then all patients with melanoma, regardless of 
bloodborne disease, would be considered the "disease" co- 
hort. The test is then designed for diagnosis. Alterna- 
tively, if RT-PGR is aimed at early detection of hematog- 
enous disease and prognostication, then metastatic 
melanoma should be considered the disease cohort and 
localized cutaneous melanoma should compose the no dis- 
ease cohort. This construct, however, is also inaccurate 
because a certain percentage of patients with localized dis- 
ease will experience recurrence with time, and thus these 
patients can be expected to harbor circulating melanoma 
cells. Because the gold standard for no disease is difficult 
to define, most investigators performed analyses with prog- 
nosis in mind but diagnosis in design. The true "no he- 
matogenous disease" group would be a cohort of patients 
with localized disease who survive 5 or 10 years without 
evidence of recurrence. However, in most of the pub- 
lished studies, staging was performed around the time the 
blood sample was drawn. Furthermore, Tessier et al^^ re- 
ported that transient release of melanocytes into the blood- 
stream can occur after surgery. Thus, other negative con- 
trols to be considered in future studies include surgical 
patients without melanoma (eg, patients undergoing Mohs 
surgery), patients with atypical moles without mela- 
noma, and post-UV-irradiated patients. 

Except in one study there were no positive RT- 
PGR reactions in the control population. The LR+ is thus 
incalculable for most stages because the denominator is 
zero. MET A- ANALYST handles this problem by adding 
0.5 to the control group as a mathematical correction. 
Because many studies have a small control population 
(some with fewer than 10 individuals), the correction it- 
self distorts the calculation and invalidates the utility of 
the LR+ in clinical decision making. On the other hand, 
the LR- is calculable but ranges from 0.6 (stage IV) to 
0.9 (localized disease). The proximity of these values to 
unity argues that a negative test result will not signifi- 
cantly change the probability of disease. As the test stands 
now, neither a positive nor a negative result will confi- 
dently alter the probability of having disease or having 
no disease, respectively. However, the low false- 
positive rate suggests that an individual with a positive 
RT-PGR result is unlikely to be healthy. 

One area for future investigation is the expansion 
of prognostic studies based on RT-PGR status. Several 
groups have observed significantly reduced disease-free 



survivaP^'^''^'^^'^^'^^ and overall survivaP^'^''^'^^ for patients 
with melanoma who are RT-PGR positive; however, oth- 
g^gi9,29 ]^ave not found this correlation. Battayani et aP^ 
found a greater likelihood of progression (ie, doubling 
of tumor volume) within 4 months in patients with a posi- 
tive RT-PGR result. These early results suggest that RT- 
PGR for t)Tosinase might be useful in the future as a prog- 
nostic indicator. However, at the current time, the 
inconsistencies preclude useful applications. 

Because the sensitivity of the test seems variable be- 
tween research sites, a large multicenter trial with a uni- 
form collection protocol and a central reference labora- 
tory is desirable. Furthermore, preliminary attempts at 
quantitative measurements^^'^^ should be further devel- 
oped to generate a prostate-specific antigen-like serum 
tumor marker. Finally, use of multiple melanoma anti- 
gens as RT-PGR markers^^'^^'^^'''^^ might enhance sensi- 
tivity and specificity. 

In conclusion, RT-PGR for tyrosinase and other mela- 
noma-associated antigens offers promise as a widely ap- 
plicable molecular tumor marker. However, low sensi- 
tivity and interlaboratory variability limits its clinical utility 
at the current time. Moreover, the usefulness and cost- 
effectiveness of RT-PGR relative to other emerging se- 
rologic markers for melanoma, such as circulating SI 00 
protein,"^ ^ "^^ remains to be established. 
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EXHIBIT C 



Simultaneous Immunohistochemical Detection of Tumor 
Cells in Lymph Nodes and Bone Marrow Aspirates 
in Breast Cancer and Its Correlation With Other 

Prognostic Factors 

By Bernd Gerber, Annette Krause, Heiner Muller, Dagmar Richter, Toralf Reimer, Josef Makovitzky, Christina Herrnring, 

Udo Jeschke, Gunther Kundt, and Klaus Friese 



Purpose: We studied the prognostic and predictive 
value of immunohistochemically detected occult tumor 
cells (OTCs) in lymph nodes and bone marrow aspirates 
obtained from node-negative breast cancer patients. 
All were classified as distant metastases-free using 
conventional staging methods. 

Patients and Methods: A total of 484 patients with 
pT1-2N0M0 breast cancer and 70 with pT1-2N1M0 
breast cancer and a single affected lymph node partic- 
ipated in our trial, Ipsilateral axillary lymph nodes and 
intraoperatively aspirated bone marrow were exam- 
ined. All samples were examined for OTCs using mono- 
clonal antibodies to cytokeratins 8, 18, 19. Immunohis- 
tological findings were correlated with other prognostic 
factors. The mean follow-up was 54 ± 24 months. 

Results : OTCs were detected in 1 80 (37.2%) of 484 
pT1-2N0M0 patients: in the bone marrow of 126 pa- 
tients (26.0%), in the lymph nodes of 31 patients 
(6.4%), and in bone marrow and lymph nodes of 23 
(4.8%) patients. Of the 70 patients with pT1-2N1MO 
breast cancer and a single involved lymph node, OTCs 
were identified in the bone marrow of 26 (37. 1%). The 

MANY CASES OF breast cancer are detected at an 
early stage. Although the disease may seem to be 
restricted solely to the breast, it may recur elsewhere when 
only local treatment is applied. Due to breast screening 
programs and greater public awareness, 60% to 70% of all 
new cases of breast cancer are without axillary lymph node 
involvement.^ Although the recurrence rate in node-nega- 
tive breast cancer patients was reported to be 25% to 
30%,^""^ it is possible to reduce this through the use of 
systemic adjuvant therapy.^*^ However, such therapy is 
usually associated with attendant side effects such as re- 
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ability to detect tumor cells increased with the following 
tumor features: larger size, poor differentiation, and 
higher proliferation. Tumors of patients with OTCs more 
frequently demonstrated lymph node invasion, blood 
vessel invasion, higher urokinase-type plasminogen 
activator levels, and increased PAI-1 concentrations. 
Patients with detected OTCs showed reduced disease- 
free survival (DFS) and overall survival (OAS) rates that 
were comparable to those observed in patients who 
had one positive lymph node. Multivariate analysis of 
prognostic factors revealed that OTCs, histological 
grading, and tumor size are significant predictors of 
DFS; OTCs and grading of OAS. 

Conclusion : OTCs detected by simultaneous immu- 
nohistochemical analysis of axillary lymph nodes and 
bone marrow demonstrate independent metastatic 
pathways. Although OTCs were significantly more fre- 
quent in patients with other unfavorable prognostic 
factors, they were confirmed as an independent prog- 
nostic factor for pTI -2N0M0, RO breast cancer patients. 

J Clin Oncol 19:960-971. © 2001 by American 
Society of Clinical Oncology* 

duced life quality and increased morbidity and mortality. To 
date, no valid parameters have been established to identify 
node-negative patients who may benefit from systemic 
adjuvant therapy. For this reason, current recommendation 
for adjuvant treatment includes all patients except those 
with a tumor size < 1.0 cm, grade 1 tumor, positive 
hormone receptor status, or who are older than 35.^^ 

Lymph node involvement or confirmation of distant 
metastases in breast cancer always necessitates systemic 
treatment. Because the detection of occult tumor cells 
(OTCs) could be a strong indicator of the tumor's ability to 
metastasize, many authors have tried to detect them in 
lymph nodes or bone marrow aspirates. However, simulta- 
neous examination of bone marrow and lymph nodes by 
equally suitable methods has not yet been reported. Al- 
though, several authors^ ^"^^ have reviewed literature regard- 
ing OTCs or micrometastases, the independent prognostic 
significance of OTCs detected in regional lymph nodes or 
other distant sites such as blood or bone marrow remains 
difficult to assess. To enable comparisons of treatment 
results and to avoid variation in staging, the presence of 
OTCs presently should not be considered in tumor-node- 
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metastasis staging and residnal tnmor classifications. For 
future evaluations of the prognostic importance of OTCs, 
larger studies with longer follow-ups are urgently needed. 

Here we report for the first time the simultaneous immu- 
nohistochemical investigation of OTCs in lymph nodes and 
bone marrow aspirates from node-negative breast cancer 
patients. The aim of this study was to assess the prognostic 
and therapeutic significance of these detected OTCs and 
their correlation with other prognostic factors. 

PATIENTS AND METHODS 

Study Design and Patients 

From 1988 to 1996, we performed immunohistochemical studies on 
bone marrow aspirates and axillary lymph nodes from 484 assessable, 
histologically node-negative patients with primary breast cancer. All 
had undergone surgery at our department. The study was approved by 
the ethical review board of the Faculty of Medicine of the University of 
Rostock and informed consent was obtained from all patients. 

Inclusion criteria were: invasive breast cancers with a histopatho- 
logic tumor size of 6 to 50 mm, the examination of at least 10 negative 
axillary lymph nodes using conventional histology (hematoxylin and 
eosin, HE), and the absence of distant metastases in chest x-ray, liver 
ultrasound, and bone scan (pTlb-2 NO MO). If these criteria were not 
met, the patient and the corresponding samples were excluded from the 
study. Bone marrow aspirates from 70 patients with both a tumor size 
of 6 to 50 mm and a single metastatic axillary lymph node (detected by 
conventional histology) served as the control group. Patients were 
classified as postmenopausal when the last menstruation was at least 1 
year ago or on the basis of the hormonal status after hysterectomy. 
There was no evidence of recurrence or metastases within the first 6 
months after initial surgery. 

Based on histologic and inmiunohistochemical findings in lymph 
nodes and bone marrow aspirates, as well as on the findings revealed by 
conventional staging methods, the patients were grouped into the 
following categories'^: 

pN/MO(i-): no evidence of tumor cells in lymph nodes and bone 
marrow aspirates; 

pNO(i+): immunohistochemical detection of tumor cells only in 
lymph nodes, but not in bone marrow; 

pMO(i+): immunohistochemical detection of tumor cells only in 
bone marrow aspirates, but not in axillary lymph nodes; 

pNO(i+)pMO(i+): immunohistochemical detection of tumor cells in 
lymph nodes and bone maiTow aspirates; 

pN/MO(i+): patient group with any tumor cell detection, indepen- 
dent of location (pNO(i+) and pMO(i+) and pNO(i+)pMO(i+)); and 

pNl: patients with a single lymph node macrometastasis. 

Adjuvant Therapy 

Patients with breast-conserving therapy were submitted to radiation 
therapy. The administration of systemic adjuvant therapy was indepen- 
dent of the immunohistochemical findings. This therapy included six 
cycles of standard cytotoxic chemotherapy (cyclophosphamide [500 
mg/m^l, methotrexate [40 mg/m^], fluorouracil [600 mg/m^] given intra- 
venously on days 1 and 8 and repeated at 4- week intervals, CMF), 
tamoxifen (20 to 30 mg/d orally for 3 to 5 years) or a combination of these. 



Patient Evaluation 

All patients had follow-up examinations every 3 months for the first 
2.5 years, then at 6-month intervals and finally at 12-month intervals 
after 5 years. Routine evaluation of the patients included clinical 
examination, manmiography, and breast sonography. The first relapse 
(distant, locoregional, or combined) and death were primary end points 
for disease-free survival (DFS) or overall survival (OAS), respectively. 
A locoregional relapse was always confirmed histologically. The mean 
follow-up time was 54 ± 24 months (range, 24 to 130 months). 

Bone Marrow Aspiration and Preparation 

After confirmation of invasive breast cancer either by preoperative 
high-speed needle biopsy or by intraoperative histologic examination 
of frozen sections, aspiration was performed immediately after initial 
surgery under general anesthesia on both anterior iUac crests using the 
Jamshidi technique. The recommended 5 to 10 mL aspirates obtained 
from each side were pooled and stored in heparinized tubes (Falcon) 
with Dulbecco's modified Eagle Medium (DMEM, Gibco, Paisly, UK); 
then separated by density centrifugation through FicolL/Hypaque (den- 
sity 1.077 g/mol; Biochrom, Berlin, Germany). Cells in the interphase 
were adjusted to 10^ cells/mL, smeared onto slides, methanol fixed and 
stored at — 80°C. All stained smears (two to four per patient) were 
screened by two investigators with experience in immunohistochemis- 
try. The smears were assessed according to the estabUshed morphologic 
criteria of malignancy and specifically stained cells were distinguished 
from nonspecifically stained cells. The number of detected cells ranged 
from 1 to 300 per sUde. 

Lymph Node Preparation 

After fixation in neutral buffered formalin (4%), axillary lymph 
nodes were dissected macro scopically and embedded in paraffin. 
During the initial stage of our studies, whole lymph nodes were 
processed according to Fisher et al,^^ ie, serial sections were cut at a 
thickness of 5 [xm and every fourth section was stained. Since 1990, 
lymph nodes have been processed in accordance with IBCSG-proto- 
col.^^ Paraffin-embedded lymph nodes were sectioned serially at six 
levels, with at least two S-fjLm sections being cut at each level. 
Depending on the lymph node size, 10 or more sections between levels 
were cut for regular spacing and later discarded. From each level, two 
serial sections were mounted on glass slides; one of which was HE 
stained. When all of these slides showed no metastases, the correspond- 
ing sections were processed according to the immunohistochemical 
procedure. The mean number of examined lymph nodes was 15.7 
(range, 10 to 51 nodes) per patient. The presence of OTCs widiin the 
lymph nodes was detected in one to three negative lymph nodes that 
were previously analyzed by conventional histology. We have never 
seen OTCs in the form of tumor emboli that were restricted to the 
subcapsular sinus or to endotheUal-Uned spaces within the node. 

Antibodies 

Lymph nodes and bone marrow slides were incubated with a mixture 
of three monoclonal mouse antibodies against cytokeratins (CK) 8, 18, 
and 19 (Clone 5D3, BioGenex, San Ramon, CA). The monoclonal 
antibodies react with all simple epithelia including glandular epithe- 
Uum and ciUated pseudostratified columnar epithelium in the thyroid 
gland, female breast, and in the gastrointestinal and respiratory tracts. 
They are markers for simple epithelial cells, which demonstrate high 
sensitivity and specificity when used in formalin-fixed, paraffin- 
embedded sections. ^^'^^ In terms of specificity and sensitivity, mono- 
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clonal antibodies against intracellular cytokeratin components are 
superior to antibodies that react with epitopes on the cell mem- 
brane.^°'^^ The antibodies were used for the detection of tumor cells in 
bone marrow and lymph nodes at a dilution recommended by Bio- 

Genex. Slides were pretreated with pepsin, and endogenous peroxidase 
was quenched by 3% H2O2. The antigen-antibody reaction was 
visualized by an ABC kit (Vectastain EUte Kit PK 6102, Vector 
Laboratories, Burlingame, CA). Positive and negative controls were 
always included. Bone marrow aspirates from 17 healthy females 
showed no reaction with the used antibody. 

All specimens were evaluated by a pathologist with experience in 
immunohistochemistry. The classification of the stained cells as either 
micrometastases or tumor cells also required histomorphologic charac- 
teristics of tumor cells. Unspecific reactions or staining of endothelial 
cells in the marginal sinus of lymph nodes were not considered to be 
tumor cells. 

Prognostic Factors 

Newer prognostic factors were evaluated by commercially available 
kits. The immunohistochemical assays were performed on 2- to 4-jULm 
sections of formalin-fixed, paraffin-embedded tumors. Primary mouse 
antihuman monoclonal antibodies (clone 1D5, clone PgR 636, Dako 
Corp, Carpinteria, CA) were used for estrogen (ER) and progesterone 
receptor (PR) detection. The antigen-antibody reaction was visualized 
by the labeled streptavidin-biotin (LSAB) method (Dako Corp). The 
HER-2/neu receptor was detected by the c-neu antibody (Ab-3, 
Oncogene Science Inc, Uniondale, NY), the proUferating cell nuclear- 
associated antigen Ki67 by the MIB 1 antibody (dia 505, Dianova, 
Hamburg, Germany), die EGF receptor by the EGF receptor antibody 
(Oncogene Science, Uniondale, NY) and the p53 antigen by the 
corresponding antibody (BioGenex). The antigen- antibody reaction 
was visualized by ABC immunoperoxidase staining (Vectastain Elite 
ABC Kit, Burhngame, CA). In addition, cathepsin D (ELSA-Cath-D, 
CIS bio mtemational, Gif-Suryvette Cedex, France), pS2 (ELSA-PS2, 
CIS bio international, Gif-Suryvette Cedex, France), PAI-1 (Innotest 
PAI-1 Enzymimmunoassay, AB Sangtec Medical, Bromma, Sweden), 
and uPA (uPA LIA-mat Prolifigen, AB Sangtec Medical, Bromma, 
Sweden) were evaluated in the tumors. Because of the limited amount 
of available tumor material, a complete analysis of all factors in each 
tumor was not always possible. 

Statistical Methods 

The SPSS/PC software package, version 6.01 (SPSS GmbH, 
Miinchen, Germany), was used for collection, processing, and statisti- 
cal analysis of all data. Correlations between the presence of tumor 
cells in bone marrow aspirates and in axillary lymph nodes with 
established and recent prognostic factors were calculated by ^ test. 
Mean values (± SD) of patient groups were compared by t test (two 
groups) or Kruskal-Wallis test (three groups). Due to the small case 
numbers, no further analysis of the subgroups with OTCs (pN0(i+), 
pMO(i+), or pNO(i+)pMO(i+)) was performed. 

The period of time to first relapse or death was estimated and 
graphically presented using the Kaplan-Meier method.^^ Differences 
between curves were assessed by Mantel' s log-rank test^^ for censored 
survival data. The Cox proportional hazards modeF"^ was used to assess 
the independence of tumor cell detection from otiier prognostic factors. 
All P values resulted from two-sided statistical tests and P < .05 was 
considered to be significant. 



RESULTS 

Patient Characteristics 

OTCs were detected immunohistochemically in 180 of 
484 patients staged as pTl-2 pNO pMO using conventional 
methods. No significant differences were found between the 
patient groups (Table 1) with respect to type of surgery, 
menopausal status, age, number of examined lymph nodes, 
or amount of aspirated bone marrow. Three hundred ninety- 
seven (82%) of the 484 node-negative and all 70 node- 
positive patients received systemic adjuvant treatment. No 
serious bone marrow aspiration-related complications were 
seen; with only five patients (1.0%) reporting pain at the 
puncture site that lasted 1 to 2 days. 

Immunohistochemical Findings 

Tumor cells were immunohistochemically detected in the 
lymph nodes of 54 node-negative patients (11.2%); the 
nodes being previously analyzed by conventional histology. 
OTCs were found in bone aspirates of 149 patients (30.8%) 
(Fig 1) and in both lymph nodes and bone marrow of 23 
patients (4.8%) (Table 2). Twenty-six (37.1%) of the 70 
patients with a single lymph node macrometastasis had 
OTCs in bone marrow aspirates. 

Patients in whom no tumor cells were detected differ 
from those with OTCs and single lymph node macrometas- 
tases examined by conventional HE staining (Table 3). 
Tumors larger than 20 mm were found in 24.5% of patients 
who had no OTCs at all (pN/MO(i-)), in 48.9% of patients 
with immunohistochemically detected tumor cells (pN/ 
MO(i+)) and in 48.6% of patients with a single lymph node 
macrometastasis (pNl) (P < .0001, )^ test). There was a 
substantial proportion of tumors with a size of 10 mm or 
smaller in the pN/MO(i+) group (11.7%). Other signifi- 
cantly more unfavorable prognostic factors were identified 
in patients with OTCs: grading (P = .034), lymph vessel 
invasion (P = .005), blood vessel invasion (P = .047), 
ER-ICA (P = .026), extent of profiferation (P < .0001), 
uPA level (P = .016), and PAI-1 concentration (P = .030). 
It should be pointed out that the expression of the specified 
prognostic factors was comparable between patients with 
single tumor cells and patients with a single lymph node 
macrometastasis. 

Disease-Free Survival and Overall Survival 

There were 84 disease recurrences: 26 (8.6%) in the 
pN/MO(i-) group, 43 (23.9%) in the pN/MO(i+) group, and 
15 (21.4%) in the pNl group (P < .0001). There were 50 
disease-related deaths: 13 (4.3%) in the pN/MO(i-) group, 
26 (14.4%) in the pN/MO(i+) group, and 11 (15.7%) in the 
pNl group (P < .0001). No significant correlation was 
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Table 1. Patient Characteristics and Immunohistochemical Findings 



pN/MO(i-) pN/MO(i+)* pNl 





Patients 


No. 




% 


No. 




% 


No. 


% 


Pt 


No. of patients 


554 


304 






180 






70 






Surgical therapy 






















Mastectomy 


293 


151 




49.7 


102 




56.7 


40 


57 A 


.246 


Breast-conserving therapy + 






















radiation therapy 


261 


153 




50.3 


78 




43.3 


30 


42.9 




Adjuvant systemic therapy 


467 


246 




80.9 


151 




83.9 


70 


100 


.101 


Tamoxifen t 


267 


164 




66.7 


83 




55.0 


20 


28.6 




CMFt 


97 


38 




15.4 


34 




22.5 


25 


35.7 




Tamoxifen + CMFt 


103 


44 




17.9 


34 




22.5 


25 


35.7 




Menopausal status 






















Premenopausal 


300 


110 




36.2 


75 




41.7 


24 


34.3 


.380 


Postmenopausal 


254 


194 




63.8 


105 




58.3 


46 


65.7 




Age, years 


554 




















Mean ± SD 




56.1 + 13.0 


54.95 + 12.5 


56.0 + 10.7 


.227 


Range 






23-83 






28-80 






27-78 




No. of examined lymph nodes 


554 




















Mean 






15.7 






15.8 






15.7 


.914 


Range 






10-41 






10-51 






10-58 




Amount of aspirated bone marrow, mL 


554 




















Mean 






11.3 






10.1 






11.4 


.736 


Range 






5-16 






4-21 






3-18 





*All patients with tumor cells In lymph nodes and/or bone marrov/ aspirates. 

t;^;^ test was used to compare frequencies, Kruskal-Wallis test for mean ± SD, respectively. 

t Percentage relating to patients who received only systemic therapy. 



found between the site of the detected OTCs and the 

location of distant metastases (Table 4). The number of 
detected OTCs in bone marrow (1 to 300 per slide) and the 
number of affected lymph nodes (one to three) did not 
correlate with the frequency of recurrence (P > .3206). 

DFS and OAS rates were observed to be significantly 
worse in patients with OTCs than without (Fig 2). The 5- 
and 10-year DFS rates were: 92.6% and 76.6% (pN/MO(i-)), 
71.2% and 54.5% (pN/MO(i+)), and 74.2% and 62.8% 
(pNl), respectively. Using the log-rank test, statistically 
significant differences were found between the pN/MO(I-) 
group and the pN/MO(i+) group (P < .0001), as well as 
between the pN/MO(i-) group and the pNl group (P = 
.0059). Kaplan-Meier curves for patients with OTCs and for 
those with a single lymph node macrometastasis were 
virtually identical (P = .4505). The corresponding 5- and 
10-year OAS rates were: 95.1% and 87.4% (pN/MO(i-)), 
76.6% and 70.7% (pN/MO(i+)), and 77.7% and 73.6% 
(pNl), respectively. Overall survival of pN/MO(i-) patients 
was significantly better than that of pN/lV[0(i+) (P < .0001) 
and pNl patients (P = .0024). 

Systemic Adjuvant Treatment and Menopausal Status 

DFS and OAS outcomes as a function of systemic 
adjuvant treatment and menopausal status were analyzed. 



Because of the small number of untreated patients in these 

groups, no statistically significant differences could be 
revealed (pN/MO(i-): DFS P = .2255, OAS P = 3.519 and 
pN/Ml(i+): DFS P = .3557, OAS P = 3.658). Menopausal 
status did not significantly affect the outcome of patients 
without (pN/MO(i-): DFS P = .1455, OAS P =. 5110) or 
with (pN/Ml(i+): DFS P = .1487, OAS P = .1827) OTCs. 
However, premenopausal patients with a single axillary 
lymph node metastasis (pNl) showed an adversely affected 
DFS (P = .0072) and OAS (P = .0125) when compared 
with postmenopausal patients of the same group. 

Univariate and Multivariate Analysis 

In conventionally analyzed node- negative patients, uni- 
variate analysis of prognostic factors for DFS identified 
tumor size (P = .0058), grading (P = .0001), OTCs (P = 
.0001), lymph vessel invasion (P = .0315), blood vessel 
invasion (P = .0029), ER status (P = .0182), PR status (P 
= .0302), as well as proliferation (P = .0016) to be 
significant predictors. Of these, only immunohistochemical 
detection of OTCs (relative risk [RR] 2.60 [95% CI, 1.52 to 
4.47], P = .0005), grading (RR 1.96 [95% CI, 1.07 to 3.56], 
P = .0281), and tumor size (RR 1.61 [95% CI, 1.02 to 2.99], 
P = .0452) showed independent prognostic value in multi- 
variate analysis (Table 5). With respect to OAS, tumor size 
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Fig 1 . Immunohisfochemically detected OTCs in axillary lymph nodes (A) 
and bone marrow (B). 



(P = .0097), grading (P = .0001), OTCs (P = .0001), 

vessel invasion (P = .0471 and P = .0178), ER (P = 
.0041), PR (P = .0056), and proliferation (P = .0198) were 
identified as strong prognostic factors in univariate analysis. 
In multivariate analysis, tumor cell detection (RR 2.78 [95% 
CI, 1.38 to 5.62], P = .0043) and grading (RR 2.25 [95% 
CI, 1.10 to 4.60], P = .0257) but not tumor size (P = 
.3865), remained significant predictors (Table 6). 

DISCUSSION 

This study, started in the mid-1980s, was planned to 
confirm the prognostic and predictive values of immunohis- 



Table 2. Comparison of Lymph Node and Bone Marrow Findings 











Lymph Nodes 




Bone Marrow 




pNO(i- 


) 


pNO(i+) 




No. 


% 


No. 


% 


No. % 








430 


88.8 


54 11.2 


pMO(i ) 


335 


69.2 


304 


62.8 


31 6.4 


pMO(i + ) 


149 


30.8 


126 


26.0 


23 4.8 



tochemically detected OTCs in lymph nodes and bone 
marrow aspirates from node-negative and distant metasta- 
ses-free patients (pTl-2N0M0, RO). Initially, systemic treat- 
ment of patients with detected OTCs was not planned. 
However, in 1989, results from several studies"^^'^^ con- 
firmed an increased disease-free survival rate after systemic 
treatment of node-negative patients. Although it has re- 
mained controversial, our local ethical review board has 
recommended systemic treatment for node-negative patients 
since this time. 

Perioperative detection of OTCs may reflect either tran- 
sient shedding of cells or a possible metastatic potential of 
the tumor. Because of the possible benefit of adjuvant 
therapy, it is important to identify these patients. ^^^^^^'"^^ To 
date, it remains unclear whether or not OTCs in bone 
marrow or lymph nodes of conventional node-negative and 
distant metastases-free patients represent independent prog- 
nostic factors, as suggested by the international cancer 
committees."^ ^ Recently, Hermanek et al^'^ have recom- 
mended that isolated (disseminated or circulating) tumor 
cells detected by immunohistochemistry or molecular 
pathologic methods be distinguished from micrometastases 
because of their different prognostic value. The detection 
rate of OTCs in negative lymph nodes was reported to be 
7% to 33%^"^'^^ and 2% to 55%^^"^^'^^ in bone marrow. We 
found OTCs in the lymph nodes of 11.2% and in the bone 
marrow of 30.8% of the patients examined. Disseminated 
tumor cells, irrespective of the site, were detected in 37.2% 
of our 484 node-negative and disease-free patients (pTl- 
2N0M0). These tumor cells represent potentially metasta- 
sizing lesions. 

Important factors in most studies are small numbers of 
cases, heterogeneity of included patients, short follow-ups, 
and treatments that differ. Regarding tumor-node-metastasis 
stages, some studies that investigated OTCs in bone marrow 
included T0-2N0-1M0-^^'^^ or T0-4N0-3M0-patients.^^-^° 
Other studies included patients with distant metastases'^ or 
R2-resection.'^^ OTC detection rate in patients with T3-4 
tumors is 72% as compared with 38% in patients with 
Tl-2"^^ tumors. Furthermore, OTCs were found in 55% of 
node-positive patients compared with 31% of node-negative 
patients.'^^ In our group of 70 patients with a single involved 
lymph node, tumor cells were found in the bone marrow of 
37.1%, compared with 26.0% in node-negative patients. 

During the process of metastasis, tumor cells change. 
This is reflected by the heterogeneity of expressed antigens 
and enzymes.'"^"' Funke and Schraut^"^ subjected various 
studies of OTCs in bone marrow to a meta-analysis. They 
reported studies in which mixtures of more than 24 different 
antibodies were used. However, sensitivity and specificity 
of some antibodies were insufficiently tested. For example, 
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Table 3. Correlation of Clinical, Pathologic, and Biochemical Characteristics With Immunohistochemical Findings 



Detailed Analysis of Immunohistochemical Findings* 





No. of 
Patients 


pN/MO(i-) 


pNO(i+) 


pMO(i+) 


N10(i+)pM0(i+) 


pN/MO(i+)t 


pNl 


Pt 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. 


% 


No. of patients 


554 


oU4 




o 1 




1 9Z 
1 ZO 




90 
ZO 




1 QA 




TA 
/U 






Body mass index 






























< 30 


475 






9^^ 


ou.o 


1 no 
1 yjy 


OO.O 


99 
ZZ 


0*; 7 
yo./ 


1 '^A 
1 00 


ftA T 
00./ 


An 

OU 


ft'^ T 
00./ 




> 30 


79 


45 


1 4.8 


6 


1 9.4 


1 -7 

\ / 


1 o.O 


1 


4.3 


24 


1 3.3 


1 0 


1 4.3 


.905 


Tumor location 






























Lateral 


323 


1 75 


57 6 


20 


64 5 


jj 


61 1 


"1 ] 


47 8 


1 08 


60 0 


40 


57 1 




Medial 


70 


QO 

or 


1 O Q 

1 z.o 


e 

0 


1 Z 1 
1 O. 1 


1 K. 


I 1 o 

I I .y 


o 
z 


0./ 


99 

ZZ 


19 9 
1 Z.Z 


0 
y 


1 9 0 
1 z.y 




Central 


161 


OA 

rO 


oo z 
zr.o 


6 


1 O jl 


o4 


A 


1 A 
10 


jiO iC 

4o.O 


iCA 

oo 


07 Q 

27. 0 


Ol 

zl 


OA A 

oO.U 


.981 


Tumor size, mm 






























< 10 


114 


QO 


zy.o 


o 
o 


O T 

y./ 


1 / 


\ o.O 


1 

1 


A 0 
4.0 


91 
Z 1 


1 1 ./ 


4 


0./ 




11-20 


244 


1 ill 

1 4 1 


40.U 


1 1 
1 1 


oO.O 


O/ 


40. z 


o 
o 


1 0 A 
1 O.U 


"71 
/ 1 


00 A 

oy.4 


09 
OZ 


AK7 

40./ 




> 20 


161 


lA 


9/1 ^ 


1 / 


'^/l ft 


'>9 
OZ 


A^ 

4 1 .O 


1 0 


ft9 A 
OZ.O 


ftft 
00 


AfK 0 
40. y 


'^/l 

04 


/1ft A 
40. 0 


< .0001 


Grading 






























1 


236 


\ 4o 


4/./ 


o 

y 


Z.7.\J 


K A 

04 


y(0 O 

4z.y 


z 
O 


OZ 1 
ZO. 1 


ZO 

oy 


OQ 0 
00.0 


00 
ZZ 


01 A 

0 \ .4 




2 


233 


1 99 


/in 1 

4W. 1 


1 /I 

1 4 


Af\ 9 
40.Z 


OO 


/19 1 
4Z. 1 


1 1 


/17 ft 
4/ .0 


7ft 

/ 0 


A'X 
40. 0 


00 


/17 1 
4/ . 1 




3 


85 


o/ 


1 9 9 
1 z.z 


o 
o 


9^; ft 

Z^.O 


10 


1 ^ 1 


z 
o 


9A 1 

ZO. 1 


00 


1ft 
1 0.0 


1 ^ 


91 A 
z 1 .4 


.034 


Histologic type 






























Invasive ductal 


450 




QO O 

oz.y 


z 1 


o/./ 


OO 

yy 


TQ Z 

/o.O 


1 Q 
1 O 


TQ 0 

/o.O 


1 OQ 
1 00 


TZ T 
/ 0./ 


ZA 
OU 


Q*^ T 
OO./ 




All others 


104 


52 


1 7 1 


1 0 


32 3 


27 


21 4 




21 7 


42 


23 3 


1 0 


1 4 3 


.140 


Lymph vessel invasion 






























No 


334 


192 


zo o 
oJ.z 


IV 


Z1 o 

61 .J 


OA 

oO 


ZO iC 
OO.O 


1 o 

1 o 


iCZ iC 
00.0 


1 1 z 


ZO 0 

oz.z 


OA 

oO 


j(0 0 

4z.y 




Yes 


220 


1 1 z 


OO.O 


1 9 
1 Z 


OO./ 


>IZ 

40 


OZ K. 
OO.O 


1 A 

1 u 


A'X K 

4o.O 


ZQ 
Oo 


OT Q 
O/.O 


Ad 

4U 


0/. 1 


.005 


Blood vessel invasion 






























No 


476 


zoo 


o/.O 


9Q 
ZO 


OA 9 

yu.o 


1 1 A 

1 lU 


QT O 

o/.o 


1 Q 


TQ 0 

/o.O 


\ 00 


QZ T 
OO./ 


KA 
OA 


"TT 1 
//. 1 




Yes 


78 


Jo 


1 z.o 


O 


y./ 


1 z 
16 


1 O 7 

1 2.7 


o 


21 ./ 


Oil 

z4 


TOO 
1 0..3 


1 z 
16 


00 0 

2z.y 


.047 


ER-ICA, % positive cells 






























< 20 


164 


TO 

/ y 


9T n 
z/ .u 


1 /I 
1 4 


40.Z 


J J 


OA A 
Z0.4 


o 

y 


"^O 1 

jy. 1 


DO 


Ol 0 
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00 
zy 
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4Z.U 




> 20 


377 
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Z 1 4 




1 7 
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Q9 

7Z 
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An 9 
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4U 
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OO.U 




Missing values 


13 


1 1 








1 

1 








1 

1 




1 

1 




.026 


PR-ICA, % positive cells 






























< 20 


189 


96 


32.8 


1 3 


41 .9 


42 


33.9 


8 


34.8 


63 


35.4 


30 


43.5 




> 20 
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1 0"7 

1 y/ 


o/.z 


1 O 


Oo. 1 


QO 
OZ 


ZZ 1 

OO. 1 


1 0 


z^ 0 
00. z 
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Z>l z 
04.0 


00 
oy 


Oo.O 
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14 
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z 
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.470 


HER2-neu 
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zy 
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/ 
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77 
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82 
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64 


34.2 


14 
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89 
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41 


41 .6 


< .0001 
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A 
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■7 
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uPA, ng/mL 






























< 3 


295 


168 


86.2 


18 


85.7 


64 


82.2 


6 


33.3 


88 


73.9 


39 


75.0 




> 3 


71 


27 


13.8 


3 


14.3 


16 


17.8 


12 


66.7 


31 


26.1 


13 


25.0 


.016 


Missing values 


188 


109 




10 




46 




5 




61 




18 






PAI-1, ng/mL 






























< 14 


355 


195 


92.9 


21 


87.5 


80 


87.0 


15 


83.3 


116 


86.6 


44 


80.0 




> 14 


44 


15 


7.1 


3 


12.5 


12 


13.0 


3 


16.7 


18 


13.4 


11 


20.0 


.030 


Missing values 


155 


94 




7 




34 




5 




46 




15 






Cathepsin D, pmol/mg 






























< 30 


269 


139 


70.6 


14 


60.9 


66 


72.5 


8 


50.0 


88 


67.7 


42 


66.7 




> 30 


121 


58 


29.4 


9 


39.1 


25 


27.5 


8 


50.0 


42 


32.3 


21 


33.3 


.784 


Missing values 


164 


107 




8 




35 




7 




50 




7 






PS 2, ng/mg 






























< 12 


296 


152 


77.9 


16 


72.7 


69 


80.2 


14 


93.3 


99 


80.5 


45 


71 .4 




> 12 


85 


43 


22.1 


6 


27.3 


17 


19.8 


1 


6.7 


24 


19.5 


18 


28.6 


.370 


Missing values 


173 


109 




9 




40 




8 




57 




7 







*Due to the small number of cases, no further analysis of the subgroups with OTC detection (pNO(i + ), pMO(i + ), pNO(i + )pMO(i+)) was performed. 
tAll patients with tumor cells in lymph nodes and/or bone marrow aspirates. 

test was used for testing pN/MO(i-)-, pN/MO(i+)-, and pNl groups for significance. 
§Weak: S phase < 7% and/or Ki-67 < 20%; strong: S phase > 7% and/or Ki-67 > 20%. 
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Table 4. Follow-Up Status 



Detailed Analysis of Immunohistochemical Findings 





No. of 

Patients 


pN/MO(i-) 


pNO(i+) 


pMO(i+) 


pNO(i+)pMO(i+) 


pN/MO(i+)* 




pN1 


Pt 


No. 


% 


No. % 


No. 


% 


No. % 


No. 


% 


No. 


% 


Total no. of patients 


554 


304 




31 


126 




23 


180 




70 






Total no. of recurrences 


84 


26 


8.6 


6 19.4 


27 


21.4 


10 43.5 


43 


23.9 


15 


21.4 


< .0001 


Distant only 


58 


17 


5.6 


3 9.7 


21 


16.7 


7 30.4 


31 


17.2 


10 


14.3 


< .0001 


Bone 


16 


5 


1.6 


1 


6 




1 


8 


3.9 


3 


4.2 




Visceral 


28 


7 


2.3 


1 


11 




5 


17 


10.6 


4 


5.7 




Combination 


14 


5 


1.6 


1 


4 




1 


6 


2.8 


3 


4.2 




Distant and local 


6 


2 


0.7 




2 




1 


3 


1.7 


1 


1.4 




Local recurrences 


20 


7 


2.3 


3 


4 




2 


9 


5.0 


5 


7.1 




Deceased 


50 


13 


4.3 


3 9.7 


17 


13.5 


6 26.1 


26 


14.4 


11 


15.7 


< .0001 



NOTE. No significant differences were found between pN/MO(i+) and pNl patients. 

*All patients with tumor cells in lymph nodes and/or bone marrow aspirates. 

tP statistical significance proven by )^ test among pN/MO(i-)-, pN/MO(i+), and pNl patients. 



the carcinoma- associated mucin MUC-1 was expressed in 
more than 10% of the normal human bone marrow mono- 
nuclear cells, as detected by using the anti-MUC-1 mono- 
clonal antibody 2E11.'^^''^^ The detection rate was also 
affected by site and number of aspirations, blood contami- 
nation, and number of bone marrow cells screened per 
aspiration site.^^'^^ Comparative immunostaining of bone 
marrow specimens with the monoclonal antibodies CK2 and 
A45-B/B3 indicated that downregulation of CK18 in micro- 
metastatic carcinoma cells occurs in approximately 50%, 
regardless of the primary tumor origin. 

It is more complicated to "review the dilemma of lymph 
node micrometastases."^"^'^^ Axillary lymph node microme- 
tastases are generally defined as tumor cell accumulations of 
up to 2 mm. Lilleng et al^^ described three levels of nodal 
tumor load, each with a different prognosis. The smallest 
deposits, up to 0.0001 cm^, include embolic growth on the 
afferent side of the node and are associated with a poor 
prognosis. In these cases, postoperative prognosis is com- 
parable with that of node-positive patients, node-positive 
being defined here as having an axillary tumor load of 0.5 
cm^ or more. In addition to these, there is a third, interme- 
diate group of patients that represent 40% of the total series. 
Its prognosis is similar to that of the node- negative patients. 
Lilleng et al^^ suggest that deposits in this intermediate 
group and deposits with embolic growth that represent a 
high risk for the development of distant metastases should 
be termed micrometastases. Larger tumor cell deposits 
should be classified as node-positive. 

There is consensus that the chance of identifying a 
micrometastasis increases with the number of resections 
studied. Thus, the probability of finding further OTCs after 
original multiple-level sectioning is low.^"^ A pathologic 
examination using immunohistochemical methods permits a 
more accurate staging than HE staining alone.^^'^'* 



Our findings support reports that have shown unfavorable 
prognoses associated with the detection OTCs in lymph 
nodes or bone marrow aspirates. ^^"^^ Multivariate analysis 
in this and other studies"^^''^^'^'^ confirmed tumor cell detec- 
tion as an independent factor, although certain reports^^ 
question its relevance. However, because there has been 
some criticism of the methods used in these studies, eg, 
large confidence intervals, impressive values of some vari- 
ables, underestimation of lymph node status, and tumor 
size, the results of some studies"^^'"^^ may not be represen- 
tative.^^ According to Cote et al,^ the presence of occult 
axillary lymph node micrometastases adversely affected the 
prognosis of postmenopausal women, but did not influence 
the prognosis in premenopausal women. Although we could 
not find significant differences between pre- and postmeno- 
pausal patients with OTCs, the prognosis of premenopausal 
patients with a single lymph node macrometastasis was 
significantly worse compared with postmenopausal patients 
of the same group. 

Although it has been shown that the vast majority of 
lymph node metastases can be detected by taking two sections 
located 0.3 mm apart and staining them with monoclonal 
antibodies,^^ extensive serial sectioning and immunohisto- 
chemistry for the analysis of all axillary lymph nodes is too 
expensive and labor intensive to be a suitable method. ^"^'^^ 
Other prognostic tumor factors might be predictors of risk for 
recurrence. In our study, a correlation between 21 biologic 
tumor factors and OTCs is reported for the first time. Patients 
with OTCs were comparable with those with a single lymph 
node macrometastasis, both showed significantly larger and 
less differentiated tumors, more frequent lymph and blood 
vessel invasion, increased frequency of negative estrogen 
receptors, higher proliferation, and increased uPA- and PAI- 1 
concentrations, when compared with patients without OTCs. 
On the other hand, HER2-«^w, EGF, p53, cathepsin D, and pS2 
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Table 5. Univariate and Multivariate (n = 428) Analysis in Relation to Time of First Metastases in Node-Negative Patients Analyzed by Conventional 

Methods 



Variable 




Univariate Analysis 






Multivariate Analysis 




RR 


95% CI 


p 


RR 


95% CI 


p 


Tumor cells - pN/M(i + ) (no/yes) 


3.12 


1 .86-5.22 


< .0001 


2.60 


1 .52-4.47 


.0005 


r;mrJinn Jl + 9/'^l 

V^ILILIIIIM \ 1 T Z./ Of 


3.02 


1 .74-5.25 


.0001 


1 .96 


1 .\J/ O.^KJ 


.0281 


Proliferation (weak/strong) 


3.02 


1 .52-6.00 


.0016 


1.82 


.89-4.05 


.0999 


Blood vessel invasion (no//es) 


2.48 


1 .36-4.51 


.0029 


1.80 


.91-3.59 


.0926 


Tumor size {^/> 20 mm) 


2.02 


1 .23-3.34 


.0058 


1.61 


1 .02-2.99 


.0452 


Estrogen receptor (</ > 20%) 


.54 


.33-.90 


.0182 


.73 


.40-1.30 


.2842 


Progesterone receptor (</> 20%) 


.56 


.33-.95 


.0302 


.83 


.45-1.52 


.5388 


Lymph vessel invasion (no/yes) 


1.73 


1 .05-2.84 


.0315 


1.42 


.81-2.51 


.2217 


Age (</> 50 years) 


.71 


.43-1.17 


.1766 








Systemic treatment (no/yes) 


1.14 


.63-2.06 


.6733 








Menopausal status (pre/post) 


.92 


.55-1.52 


.7359 








Tumor histology (invasive ductal /others) 


.91 


.74-1.74 


.7667 









Abbreviations: RR, relative risk. 



Using different primers, polymerase chain reaction and 
reverse transcriptase polymerase chain reaction (RT-PCR) 
have been shown to be more sensitive methods for the 
detection of axillary lymph node micrometastases than 
histopathologic examinations, even when serial sectioning 
and immunohistochemical staining were performed. ^^'^^"^^ 
This also applies to blood samples.^^''^'^ Moreover, RT-PCR 
analysis is less expensive than currently available his- 
topathologic examination techniques,^^ but it fails to distin- 
guish benign from malignant epithelial cells. Some cyto- 
keratins (eg, CK-19) seem to have no diagnostic value as 
mRNA markers for micrometastases; they are also ex- 
pressed in blood and lymph nodes of healthy controls 7^ The 
illegitimate transcription of tumor- associated or epithelial- 
specific genes in hematopoetic cells and the deficient 
expression of the marker gene in OTCs are limiting factors 
in the detection of tumor cells by RT-PCR.^° 



Table 6. Univariate and Mulrivariate (n = 


: 428) Analysis in Relarion to Overall Survival in Node-N 


egative Patients Analyzed by Conventional Methods 


Variable 




Univariate Analysis 






Multivariate Analysis 




RR 


95% CI 


P 


RR 


95% CI 


P 


Tumor cell detection (no/yes) 


3.74 


1 .90-7.36 


< .0001 


2.78 


1.38-5.62 


.0043 


Grading (1 + 2/3) 


3.69 


1 .89-7.24 


.0001 


2.25 


1.10-4.60 


.0257 


Estrogen receptor (</ > 20%) 


.39 


.20-.74 


.0041 


.65 


.31-1.36 


.2481 


Progesterone receptor (</> 20%) 


.38 


.20- .76 


.0056 


.60 


.28-1.29 


.5388 


Tumor size (^/> 20 mm) 


2.33 


1 .23-4.41 


.0097 


1.38 


.68-2.69 


.3865 


Blood vessel Invasion (no/yes) 


2.48 


1.17-5.24 


.0178 


1.61 


.68-3.82 


.2745 


Proliferation (weak/strong) 


2.60 


1.16-5.79 


.0198 


1.71 


.71-4.11 


.2319 


Lymph vessel invasion (no/yes) 


1.91 


1.01-3.60 


.0471 


1.54 


.75-3.17 


.2391 


Age (</> 50 years) 


.59 


.31-1.12 


.1062 








Menopausal status (pre/post) 


.75 


.39-1.41 


.3681 








Tumor histology (invasive ductal/others) 


.93 


.41-2.12 


.8668 








Systemic treatment (no/yes) 


.98 


.47-2.03 


.9481 









Abbreviation: RR, relative risk. 



did not differ significantly between patients with or without 
OTCs. Other authors reported a correlation between tumor cell 
detection and lymph node status,-^'^'-^^'-^'^''^^'^'^ larger tu- 
j^^^g 343637,40.58-60 ^-^^^^ ^^^^ gradc/^'^^'^^'^^ vcssd iuva- 

sion,^'^^'^'^'^'^'^^ ER,^^ c-erb/B-2,^2 and laminin rcceptor.^^ 
On the basis of our results, we conclude that more 
attention should be paid to OTCs, especially in studies that 
investigate sentinel lymph node dissection. Micrometasta- 
ses were immunohistochemically detected in the sentinel 
lymph node.^"^"^^ Recently, Chu et al^^ questioned whether 
sentinel lymph nodes with micrometastases should be sub- 
jected to a complete dissection. In these cases, the risk of 
systemic tumor cell dissemination is high and systemic 
treatment can eradicate tumor cells even in their intact 
lymphatic environment.^^ Thus the question remains: What 
about detection of OTCs in the bone marrow of patients 
with a negative sentinel lymph node?^° 
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The search for OTCs in blood or bone marrow was 
recommended for monitoring the effectiveness of systemic 
treatment 7^ Mansi et al^^ repeated bone maiTow aspiration 
in patients with perioperative detection of tumor cells. 
Detection rates were 2% and 3%, independent of systemic 
treatment. It was concluded that many micrometastases in 
breast cancer patients result from the shedding of cells from 
the primary carcinoma and that a significant proportion is 
not viable. Recently, Braun et al^^ have shown that in 
high-risk patients who receive chemotherapy (taxanes and 
anthracyclines), the difference in OTCs before treatment 
(49.2%) and after treatment (44.1%) was negligible. Cote et 
al^^ reported that after a mean follow-up of 12 years, 
patients would benefit from perioperative chemotherapy; 
specifically for patients in whom no micrometastases were 
detected, but not for those in whom tumor cells were found. 
Mansi et al"'^ found a shorter relapse-free survival in 
patients with OTCs, even after adjuvant treatment. We were 
unable to show an influence of OTCs on the effectiveness of 
adjuvant treatment. 

In contrast to solid metastases, OTCs are appropriate 
targets for intravenously applied agents because macromol- 
ecules and immunocompetent effector cells should have 



access to the tumor cells. Because the majority of micro- 
metastatic tumor cells may be nonproliferative (GO phase), 
standard cytotoxic chemotherapies directed against prolif- 
erating cells may be ineffective, which might partly explain 
the failure of chemotherapy. ^^'^"^ A new promising thera- 
peutic approach represents the murine monoclonal antibody 
17-1 A (edrecolomab, Panorex; Glaxo Wellcome GmbH, 
Hamburg, Germany) directed against the epithelial cell 
adhesion molecule (EpCAM) that is expressed on more than 
60% of distant breast cancer tumor cells. Edrecolomab 
reduced or eliminated tumor cells in a small series of 
patients with advanced breast cancers.^ After RO resection, 
this antibody led to a significant improvement in disease- 
free survival for colorectal cancer patients. 

Adjuvant treatments, such as antibody-based therapies, 
are of considerable interest in the treatment of breast cancer, 
because they could eradicate OTCs before metastatic dis- 
ease becomes clinically evident. Thus, early detection of 
OTCs could identify patients who are likely to benefit from 
adjuvant treatment. 
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ABSTRACT The aim of this study was to evaluate the 
prognostic potential of quantitative reverse-transcription, 
polymerase chain reaction (qRT-PCR) in melanoma 
patients with pathologically negative sentinel lymph nodes 
(SLN). Our study included 195 node-negative melanoma 
patients with a Breslow thickness greater than 0.76 mm 
(n = 158), or less than 0.76 mm but who had Clark level 
IV-V, microscopic ulceration, or pathological signs of 
regression (n = 32), and five patients with melanoma of 
unknown thickness. SLNs were examined by serial-section 
histopathology. A portion of each SLN was frozen for 
qRT-PCR analysis using markers Tyrosinase, MARTI, 
SSX2, MAGEA3, PAX3, and GalNAc-T. In addition, two 
other markers (PLAB and LI CAM) were evaluated for 
melanoma specificity but not for SLN analysis. Median 
follow-up was 64 months, during which time there were 15 
(7.7%) recurrences. A total of 370 lymph nodes were 
analyzed by qRT-PCR. No association was found between 
quantitative expression level of any marker and disease 
recurrence. Previously published primer designs were tes- 
ted for PAX3 and GalNAc-T and revealed that alternative 
PAX3 transcripts are differentially expressed in melanoma 
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and benign lymph nodes. No associations with recurrence 
were found regardless of the transcripts amplified by dif- 
ferent primer sets. PLAB and LICAM did not appear to 
differentiate between malignant melanoma and benign 
melanocytes or lymph nodes in our analysis. We conclude 
that, in this large cohort of patients, multimarker qRT-PCR 
analysis of SLNs did not correlate with disease recurrence. 
Our data support specific PAX3 splice variants but not 
GalNAc-T, PLAB or LICAM as possible markers for 
melanoma metastasis to SLNs. 



With its introduction by Morton et al. in 1992, the 

sentinel lymph node (SLN) biopsy procedure has become 
the standard of care for the staging of melanoma patients.^ 
Various studies have validated that the SLN in melanoma 
accurately reflects the status of the entire regional node 
field. At present, extended histopathologic examination 
including serial sectioning, hematoxylin and eosin (H&E) 
staining and immunohistochemistry seems to be the most 
accurate approach to detect metastases in the SLNs.'^'^ 
However, despite this exhaustive protocol, 10-24% of the 
patients with negative SLNs have been reported to have 
recurrence depending on the length of follow-up. 

One explanation for these unexpected recurrences would 
be the presence of occult melanoma metastases undetected 
by pathologic analysis. Therefore, there has been great 
interest in using molecular techniques, such as reverse- 
transcription polymerase chain reaction (RT-PCR) to 
detect occult disease in the SLNs. Unfortunately, work in 
this area to date has produced conflicting reports resulting 
in controversy as to whether RT-PCR positivity in the 
SLNs is prognostic of worse outcome for melanoma 
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patients (reviewed by Mocellin et al.). One contributing 
factor to this controversy is significant differences in 
methodology between studies including the use of different 
markers different lymph node sampling techniques, and 
different RT-PCR techniques (standard gel-based RT-PCR, 
nested RT-PCR, and PGR with southern blot detection, and 
in newer reports quantitative RT-PCR). Notably, the 
majority of negative studies, including a large multicenter 
trial, have used nonquantitative RT-PCR approaches which 
are open to criticism based on poor specificity.^^ Further- 
more, this and other studies have used Tyrosinase (TYR) as 
a marker and this has also been criticized since TYR is 
expressed by noncancer cells, including benign melano- 
cytes.^^ Indeed, benign nevi cells have been reported in 
SLNs from melanoma patients with frequencies ranging 
from 1% to 25% and this may lead to false-positive results 
with markers such as Tyrosinase. ^^"^ 

To overcome these issues, Takeuchi et al. recently 
reported a novel, multimarker quantitative RT-PCR study 
that demonstrated prognostic significance in a series of 162 
patients with pathologically node-negative melanoma.^^ In 
addition, other new markers have recently been reported to 
distinguish between melanoma and benign melanocytes in 
a quantitative assay. Therefore, the purpose of this study 
was to determine whether quantitative RT-PCR for a 
combination of established and novel molecular markers 
could predict the risk of recurrent disease in a large cohort 
of melanoma patients with histologically negative SLNs. 

PATIENTS AND METHODS 

Patients and Specimen Collection 

All patients (n = 195) underwent SLN biopsy for pri- 
mary cutaneous melanoma between 1997 and 2004 at the 
Hospital Universitari Germans Trias I Pujol (Barcelona, 
Spain) and no melanoma metastases were found in SLNs 
by pathological examination. Patients consented to enroll 
in this study and the investigational protocol was approved 
jointly by the above hospital's Ethical Committee and the 
Institutional Review Board of the Mount Sinai Hospital 
(New York, NY, US). The criteria to perform SLN biopsy, 
the node sampling methods, and the protocols for histo- 
logical examination of SLNs have been described 
previously.^' 

Lymph Node Processing and Pathological Analysis 

With the exception of the first 85 patients where the 
SLNs were bivalved, all other SLNs were cut with a scalpel 
into slices of approximately 1 mm thickness parallel to the 
longitudinal axis. Even slices were fixed with formalin and 



paraffin and reserved for pathological examination. Odd 
slices were snap frozen in liquid nitrogen and stored at 
-80°C until RNA isolation. For each paraffin-embedded 
slice at least three sections were stained with conventional 
H&E and the two adjacent sections were studied using 
immunohistochemistry . 

Adjuvant Therapy and Follow-Up Evaluation 

Follow-up consisted of a careful physical examination 
every 6 months, routine blood investigations including 
lactate dehydrogenase (LDH) levels, and annual chest X- 
ray. Further investigations were performed at the discretion 
of the treating physician to confirm abnormal findings 
suggestive of metastatic melanoma. Seven patients (clini- 
cal stage IIB or IIC) received adjuvant high-dose interferon 
alfa-2b treatment and 34 patients were enrolled in a pilot 
therapeutic trial (18 patients treated with lymphadenec- 
tomy versus 16 patients treated with lymphadenectomy 
plus high doses interferon alfa-2b).^^ Patient data, includ- 
ing clinical characteristics, pathologic and molecular 
findings, additional treatments, recurrence sites, and fol- 
low-up, were entered prospectively into a melanoma 
research database. 

RT-PCR Marker Selection 

Before conducting this study, we initially screened 
expression over 40 markers in a small set of primary 
melanoma and benign lymph nodes from patients without 
cancer. Twelve of these markers (MAGEAl, A2, A3, A4, 
AlO, A12, MAGEA-plex, GAGE, SSX2, SSX-universal, 
MARTI, and TYR) were further evaluated in a secondary 
screen of 23 primary melanoma, 23 positive nodes, and 21 
benign nodes. The four best markers in terms of accuracy 
for classification of positive and benign nodes were further 
tested in normal melanocytes, skin, and a validation set of 
27 positive nodes and 51 benign nodes. The result was 
presented at the 2005 Annual Meeting of Association for 
Molecular Pathology (Supplemental Figure 1). Subse- 
quently in this study we employed those four markers 
(SSX2, MAGEA3, MARTI, and TYR) for molecular 
analysis of pathologically negative SLNs and patient sur- 
vival correlation study. Two additional markers, PAX3 and 
GalNAc-T, were also included based on the publication of 
Takeuchi et al., although new PCR primers and probes 
were at first designed by us (Supplemental Table 1). Fur- 
thermore, in response to a new publication, we also 
evaluated the markers LI CAM and PLAB in a subset of 
tissues but not in the entire SLN set. Primers and probes for 
these two genes were the same as in the original publica- 
tion. Finally, to allow more direct comparison with the data 
of Takeuchi et al., we obtained the PAX3 and GalNAc-T 
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primer and probe sequences used in that study (personal 
communication with Dr. David Hoon) and also evaluated 
these in a subset of tissues. 

RNA Isolation 

Frozen tissue was mechanically homogenized with 
pellet pestle (Sigma, St. Louis, MO) and total RNA was 
isolated using a standard guanidinium-thiocyanate-based 
kit (Ultraspec™, Biotex Laboratories, Houston, TX). To 
increase the RNA purity, a re-extraction of the total RNA 
was performed using Absolute RNA^^ Miniprep kit 
(Stratagene, La JoUa, CA) with on-column DNase treat- 
ment, following the manufacturer's instructions. The total 
RNA was obtained in a final volume of 50 |il. The purity 
and concentration was measured by spectrophotometry and 
the integrity was assessed in 10% of the samples using the 
Agilent bioanalyzer system (Agilent, Santa Clara, CA). 

RT and Quantitative Real-Time PCR 

One microgram total RNA was incubated at 48°C for 
1 h in a total volume of 100 \il RT mixture containing 
1 X PCR Buffer II (Applied Biosystems, Foster City, CA), 
7.5 mM MgCl2 (Applied Biosystems), 1 mM dNTPs 
(Roche Applied Science, Indianapolis, IN), 2.5U MMLV 
(Epicentre, Madison, WI), and 12.5 |jM random hexamers 
(Roche Applied Science). Quantitative real-time PCR was 
carried out with the 5' nuclease assay on the Stratagene 
MX3000 system using 1 x Brilliant QPCR Buffer (Strat- 
agene) and optimized primer and probe (Integrated DNA 
Technologies, Inc., Coral ville, lA) concentrations for each 
gene in a final volume of 50 |xl. The thermocycling pro- 
gram was 1 cycle of 94°C for 10 min plus 45 cycles of 
95 °C for 15 s and optimum annealing temperature for 
1 min. The primer and probe sequences and amplicon size 
are listed in Supplemental Table 1. All assays were tested 
to ensure greater than 95% PCR efficiency and the ability 
to provide reliable data to at least 36 cycles. Each assay 
was performed in triplicate and the mean threshold cycle 
(Ct) was used for analysis. Human genomic DNA was used 
as a control to ensure that the primers designed to be 
cDNA-specific did not amplify genomic DNA. However, 
for PLAB and LICAM expression analyses the primers and 
probes used amplified both genomic DNA and cDNA. 
Therefore, in addition to the initial DNAse treatment, No- 
RT controls were run simultaneously for each sample. Only 
if the Ct differences between cDNA and No-RT control 
were greater than 3 was an expression level calculated. 
Water was used as a negative control to assess PCR 
product contamination of the reagents. In addition, a 
universal reference RNA (UR) was reverse transcribed 
and amplified in parallel on all runs to determine 



reproducibility of the assay. Expression of each marker was 
calculated relative to the expression of the endogenous 
control gene beta-glucuronidase (GUS) using the Delta-Ct 
method as described previously.^^ 

Statistical Analysis 

The expression levels of the six markers were base- 10 
logged and five of six were tested individually in a Cox 
proportional hazards regression. One marker, SSX2, was 
excluded from proportional hazards regression due to 
insufficient variation in expression levels. Receiver-oper- 
ator characteristic (ROC) curves were constructed for all 
six markers using disease recurrence as a binary factor to 
test marker discriminatory ability. The area under the ROC 
curve was estimated as well as the 95% confidence interval 
for the area. 

RESULTS 

Patient Characteristics 

Clinical and pathologic characteristics of the 195 node- 
negative patients are listed in Table 1. There were 67 men 

and 128 women, and the median age was 50 years. The 
majority of primary melanomas were located on an 
extremity, followed by trunk. Median and mean tumor 
thicknesses were 1.24 mm and 1.67 mm, respectively 
(range 0-9.5 mm). Ulceration and regression was seen 
in 19% and 12% of the primary lesions, respectively. 
With median follow-up time of 63 months (range 1- 
120 months) 15 patients (7.7%) suffered disease recurrence 
and there have been seven deaths, five of them among 
patients with recurrence. Table 2 lists recurrence type (in- 
transit, nodal or distant) and vital status for the 15 patients 
who suffered disease recurrence. 

A total of 370 nodes [357 SLN and 13 nonsentinel nodes 
(NSLN)] with an average of 1.83 SLNs per patient (range 
1-5) were analyzed. For 158 of 195 patients (81%) all 
SLNs biopsied were available for RT-PCR and in the 
remaining 37 patients at least 50% of the SLNs were 
available for RT-PCR. After histopathological examina- 
tion, nevi cells were found in eight SLNs belonging to six 
(3%) patients. The distribution of SLNs in regional basins 
was as follows: 177 nodes in axilla, 137 in groin, 42 in 
cervical area, and 14 located in other unusual drainage 
basins. 

Quantitative PCR Analysis 

The expression level of six melanoma markers (TYR, 
MARTI, MAGEA3, SSX2, PAX3, and GalNAc-T) was 
measured in all 370 lymph nodes by real-time qRT-PCR. 
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TABLE 1 Clinical and demographic data from the current series of 
patients 

Mean age (years) 49.5 

n % 

Sex Male 67 34.4 

Female 128 65.6 

Primary Site Head and neck 18 9.2 

Trunk 74 37.9 

Extremities 103 52.8 

Breslow thickness (mm) <1.00 69 35.4 

1.01-2.00 73 37.4 

2.01^.00 37 19.0 

>4.00 11 5.6 

Unknown 5 2.6 
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The UR Ct for each marker was very reproducible among 
batches, with 1.12 Ct as the highest standard deviation 
observed (PAX3). In those patients where more than one 
SN was harvested, the node with highest expression level 
for each marker was chosen as representative of the patient 
for that particular marker (Fig. 1). This analysis showed 
that there was no difference in marker expression between 
two patient groups with recurrence and no recurrence. The 
area under the Receiver-operator characteristic curve 
(AUC, which gives a general index of discriminatory 
ability) indicated that none of these markers should be used 
to predict recurrence and therefore making cutoffs of any 
kind would be inappropriate. Furthermore, in the statistical 
analysis the Cox regression coefficient for each gene 
except SSX2 indicated that there was no association 
between any marker and disease-free survival. SSX2 was 
excluded from proportional hazards regression because 
only two patients had higher than the minimum detectable 
levels (Table 3). 



While we were performing this work, Talantov and 
coworkers reported two genes, PLAB and LI CAM, as 
having potential to distinguish real metastasis from benign 
nevi cells in LNs.^^ In addition, while trying to reconcile 
our results for PAX3 and GalNAc-T with those of 
Takeuchi et al., we noted that our primer sets were in 
different regions of both genes compared with the Takeu- 
chi primers and that for PAX3 at least this resulted in 
detection of different splice variants (Supplemental Fig- 
ure T)?^ Therefore, we performed an experiment using the 
Talantov primers and probes for LI CAM and PLAB, our 
own primer design for PAX3 and GalNAc-T, and the 
Takeuchi et al. design for these genes. We evaluated a set 
of 19 benign nodes, 18 positive nodes, 6 SLN with benign 
nevi (from the 195 melanoma patients), 3 commercial total 
RNA samples from melanocytes, and 2 commercial total 
RNA samples from skin. Results from these experiments 
are shown in Fig. 2. No discriminatory power was 
observed for benign nodes versus positive nodes or for 
benign nevi/normal skin versus positive nodes for PLAB or 
LI CAM. Also, no difference was seen between positive 
and benign nodes for PAX3 and GalNAc-T when using our 
primer design. However, when using the Takeuchi et al. 
primers and probes to analyze the same samples we found 
that PAX3 (but not GalNAc-T) did indeed show discrim- 
inatory power between benign versus positive nodes and to 
a lesser degree between positive nodes versus benign nevi 
(Fig. 2d). Therefore, we further tested the Takeuchi design 
for PAX3 on a subset of sentinel nodes from patients in our 
cohort. Fifty-seven nodes from 38 patients (28 without 
recurrence and 10 out of 11 patients that recurred) were 
selected for this analysis to determine if PAX3 had any 
prognostic potential in our cohort. Figure 3 shows that 
there was no difference in PAX3 expression in nodes from 
patients with and without disease recurrence and therefore 
no further samples were tested. 

DISCUSSION 

Melanoma patients with histopathologically negative 
SLNs have a fairly good prognosis, but 10-25% of these 
patients will still develop disease recurrence.^^"^^ One 
possible explanation for this is that melanoma metastasis 
detection by H&E and immunohistochemistry may miss 
metastatic deposits in some nodes and thus provide false- 
negative results. As a result, there is now a long history of 
attempts to improve on melanoma SLN staging using 
molecular approaches such as RT-PCR. 

Molecular evidence of metastatic spread to SLNs, or 
"molecular upstaging" correlates with survival in many 
studies but not in others.^^"^^ Therefore, the chnical rele- 
vance of these molecular studies still remains unclear.'^^ In 



Sex Male 67 

Female 128 

Primary Site Head and neck 18 

Trunk 74 

Extremities 103 

Breslow thickness (mm) <1.00 69 

1.01-2.00 73 

2.01^.00 37 

>4.00 11 

Unknown 5 

Mean 1.67 

Median 1.24 

Range 0-9.5 

Clark level I 2 

II 23 

III 60 

IV 98 

V 6 
Unknown 6 

Ulceration Present 35 

Absent 131 

Unknown 29 

Regression Present 22 

Absent 126 

Unknown 47 

Median follow-up (months) 64 

Total N 195 
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TABLE 2 Type of recurrences detected during follow up period (median follow-up 64 months) 


Tumor ID 


First observed recurrence 




Other recurrences 






Death 


Local/in-transit Nodal 


Distant 
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TYR MARTI MAGEA3 SSX2 GalNAc-T PAX3 

FIG. 1 TYR, MARTI, MAGEA3, SSX2, GalNAc-T, and PAX3 
relative expression levels in pathology-negative SLNs from patients 
who suffered disease recurrence and patients who did not recur. When 
multiple SLNs were examined for a single patient, only the node with 
the highest expression is shown 



TABLE 3 Cox regression and AUC analyses of melanoma markers 

for patient survival prediction and marker discriminatory ability to 
separate patients with and without recurrence 



Gene 


Cox (jg)/se iP) 


Cox p- 


value AUC 


95% CI 


TYR 


1.093 


0.271 


0.579 


0.423-0.736 


MARTI 


-0.096 


0.924 


0.522 


0.368-0.677 


MAGEA3 


-0.830 


0.406 


0.468 


0.318-0.617 


SSS2 




_* 


0.530 


0.376-0.685 


GalNAc-T 


-0.162 


0.871 


0.495 


0.343-0.647 


PAX3 


-0.708 


0.478 


0.471 


0.321-0.621 



* Not tested due to insufficient variation expression 



one of these reports, a large multicenter melanoma trial 
was designed to address this issue and to clarify the role of 
molecular analysis of SLN in melanoma.^^ The Melanoma 
Sunbelt Trial accrued 1,446 melanoma patients with his- 
tologically negative SLN and analyzed 3,505 nodes for 
multiple markers (TYR, MARTI, MAGEA3, and GPlOO) 
using single-round PGR with southern blot detection. There 
was no difference in DFS or OS between molecularly 
positive (n = 620; 43%) and negative (n = 826; 57%) 
patients and the authors concluded that, while the multi- 
marker single PGR method improved sensitivity of nodal 
metastasis detection, the specificity is too low to be 
meaningful clinically. Similarly, Kammula et al. and 
Mangas et al. failed to detect prognostic value in molecular 
detection of pathologically negative SLNs using nested 
PGR method for tyrosinase amplification. ^^'^'^ 

Among the large studies that have found prognostic 
significance all but two used nonquantitative RT-PGR with 
Tyrosinase as a marker and the frequency of molecular 
upstaging was significantly higher (14—63%) than the 
recurrence rate (7-24%).^^"^^ Given the morbidity of pro- 
posed treatment options (lymphadenectomy and/or 
adjuvant interferon alfa-2b), for RT-PGR-positive patients 
this poor specificity is a major concern when considering 
routine use of RT-PGR for SLN staging. In hopes of 
improving specificity, there has been much interest in 
identifying more cancer-specific markers or marker com- 
binations, and in the use of quantitative RT-PGR to 
discriminate background expression from expression due to 
the presence of tumor cells. Takeuchi et al. combined both 
multimarker analysis and quantitative RT-PGR in an 
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FIG. 2 Expression of (a) PLAB and (b) LI CAM in benign nodes, 
positive nodes, benign nevi (N), melanocyte cell lines (M), and skin 
cells (S) using primer and probe sequences from Talantov. GalNAc- 
T and PAX3 relative expression levels for benign nodes, 



histologically, positive nodes, benign nevi (N), melanocyte cell lines 
(M), and skin cells (S) using our primer design (c and e) or those 
designed by Takeuchi et al. (d and f) 



excellent study that demonstrated prognostic significance 
in paraffin-embedded SLNs from a series of 162 node- 
negative patients. This study identified only 30% of 
patients as being RT-PCR positive and had relatively high 
recurrence rate of 24%, thus demonstrating good sensitivity 
and specificity. In our study we aimed to reproduce this 
quantitative, multimarker approach published by Takeuchi 
in a slightly larger cohort of patients using frozen SLNs 
and thus to help clarify the role of molecular SLN staging 



in melanoma. Unfortunately this was not the case and our 
study adds to the conflicting reports and uncertainty of the 
prognostic potential of RT-PCR in melanoma. 

Using TYR, MARTI, MAGEA3, SSX2, PAX3, and 
GalNAc-T we found no prognostic value for any marker. 
Furthermore, ROC curve analysis indicated that this was not 
due to poor specificity alone but rather to a general lack of 
discriminatory power between recurrent and nonrecurrent 
patients. As such, attempting to set a quantitative threshold 
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No Recurrence 

FIG. 3 Additional testing of PAX3 relative expression using the 
Takeuchi et al. primer design on nodes from patients with melanoma 
recurrence and patients without recurrence 

as a cutoff and/or combining markers to try and improve 
sensitivity or specificity was inappropriate and could only 
lead to false interpretations of prognostic ability. Further- 
more, in our study GalNAc-T expression does not 
differentiate benign nodes from primary melanoma or 
positive SLNs and this does not appear to be related to the 
specific RT-PCR reagents used and detection of alternative 
GalNAc-T transcripts. On the other hand, alternative splic- 
ing of PAX3 does seem to be important since primers and 
probes directed to different transcripts give greatly different 
results. However, even when using the Takeuchi et al. 
primers for PAX3, we were unable to discriminate between 
SLNs from recurrent versus nonrecurrent patients. Finally, 
we also evaluated two novel markers, FLAB and LCAMl, 
which have been reported to differentiate between mela- 
noma and benign melanocytic cells. In our study we did not 
observe such a difference and these markers to not appear to 
be useful for molecular staging of melanoma SLNs. 

One potential criticism of our study is that the observed 
recurrence rate was rather low (7.7%), thus reducing our 
power to detect prognostic factors. However, given the 
complete lack of discrimination between recurrent and 
nonrecurrent patients based on marker gene expression, we 
do not believe that this is the case. Another possible 
explanation is that our patient cohort contained several 
patients with thin melanomas (69 melanomas with Breslow 
thickness less than 1 mm and 38 of these with clinical stage 
lA disease according to the latest version of prognostic 
classification for melanoma from the AJCC) who would 
not have undergone SLN biopsy based on guidelines used 
in the USA.^^ However, omitting these patients from the 
RT-PCR analysis did not make any difference to our 
results. Finally, it is possible that the low recurrence rate is 
due to the extensive pathological analysis performed on the 
SLNs (multiple slides at 1-mm levels studied using both 
H&E and immunohistochemical stains). In this case, one 
could hypothesize that the false-negative rate for SLN 
analysis due to the presence of occult metastases that 



pathological examination failed to detect is low in our 
study. We are also unable to control for the relatively 
subjective nature of discerning benign nevus rests from 
clinically significant metastasis. Other limits of the SLNB 
technique such as erroneous SLN identification during 
surgical procedure or a metastatic pathway not involving 
the SLNs (hematogenous spread, in-transit disease) could 
explain some recuiTcnces in our cohort of patients. In these 
circumstances, molecular detection in pathologically neg- 
ative SLNs may not add prognostic clinical information for 
the patients, as occurred in our case. 

In conclusion, our study does not support the use of 
multimarker, quantitative RT-PCR for the staging of SLNs 
from melanoma patients. This may be due to a lack of 
cancer- specific markers and the fact that benign melano- 
cytic cells are frequently found in SLNs. 
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Detection of tyrosinase mRNA in tlie sentinel 
lympli nodes of melanoma patients is not a 
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Sentinel lymph node evaluation has enabled Identification of patients with cutaneous melanoma who might 
benefit from elective regional lymph node dissection. Sentinel nodes are currently assessed by histologic and 
reverse transcription polymerase chain reaction (RT-PGR) evaluation for melanocyte-specific mariners. The 
clinical significance of positive findings by RT-PGR in the absence of histologic evidence of metastasis (HIS*^^^/ 
PQppos^ remains unclear. Examination of 264 lymph nodes from 139 patients revealed histopathologic posltlvlty 
In 34 patients (24.5%), In which 26 also demonstrated simultaneous RT-PGR posltlvlty (HIS''°^/PGR''°^). Of 35 
l^lgNEG/PQppos patients (25.2%), five also had nodal capsular nevl. In total, capsular nevi were detected In 13 
patients (9.4%). A total of 70 patients (50.4%) had negative sentinel nodes by both histopathoiogy and RT-PGR 
^l^lgNEG/pQpNEG^ Over a median follow-up of 25 months, local and/or systemic recurrence developed in 31 
patients (22.3%). Recurrence rates were similar among patients with histopathologic evidence of sentinel lymph 
node metastasis. Irrespective of RT-PGR status (HIS'*°®/PGR'*°® 62%; HIS'*°®/PGR'^^® 75%). In contrast, only 10% 
of HIS'^^^/PGR'^^^ patients developed recurrence, significantly less than those In either HIS''°^ group 
(P< 0.0001). Recurrence In the HIS^^^/PGR^^^/GN^^^ group (7.7%) was comparable to that in HIS'^^^'/PGR'"^® 
patients and significantly lower than that In either HIS''^^ group (P<0.0001). The only Independent prognostic 
factors identified by multivariate analysis were the Breslow thickness of the primary tumour and 
histopathologic positivity of sentinel nodes. Our findings support previous observations that histopathologic 
evidence of metastatic melanoma In sentinel lymph nodes Is an Independent predictor of disease recurrence. In 
contrast, detection of tyrosinase mRNA by RT-PGR alone does not appear to Increase the likelihood of short- 
term disease recurrence. 
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Introduction 

Lymph node status is one of the most important 
prognostic factors in cutaneous malignant melano- 
ma. According to the 2002 American Joint com- 
mittee on Cancer (AJCC) staging for cutaneous 
melanoma, the presence of regional nodal metas- 
tases (Stage III patients) has a significant adverse 
impact on survival when compared to node negative 
(Stages I and II) patients,^ emphasizing the need for 
early and precise assessment of regional lymph 
nodes. 
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The introduction of sentinel lymph node excision 
and evaluation over a decade ago has improved the 
accuracy of disease staging and this procedure is 
used routinely in the investigation of patients with 
intermediate thickness melanomas and no clinical 
evidence of metastasis. Conceptually, the status of 
the sentinel lymph nodes represents the metastatic 
status of the regional node basin. This allows 
identification of the subset of patients likely to gain 
a survival advantage from elective regional lymph 
node dissection, as recently demonstrated in a 
report from the Multicenter Selective Lymphade- 
nectomy Trial. This clearly showed a significant 
survival advantage in sentinel node-positive pa- 
tients undergoing immediate elective regional 
lymph node dissection, in comparison to patients 
who did not have sentinel lymph node biopsy and 
underwent regional lymphadenectomy only after 
clinical emergence of nodal disease.^ An additional 



EXfflBIT E 



Sentinel lynqih nodes in melanoma 

CTatlidil etal 



428 

benefit of sentinel nodal biopsy lies in sparing those 
node-negative patients the morbidity (wound se- 
paration, infection, hematoma formation and/or 
lymphedema) associated with unnecessary lympha- 
denectomy.^'^ 

Since the inception of the sentinel lymph node 
biopsy procedure, significant strides have been 
made both in refining the surgical approach to 
nodal identification and excision and in defining 
the optimal method of examination of the harvested 
tissue in the pathology laboratory. Histo- 
logical evaluation using both routine stains and 
immunohistochemistry is the practise in most 
laboratories. Molecular detection of melanocyte- 
specific mRNA by reverse transcription polymerase 
chain reaction (RT-PGR) is also applied to 
sentinel lymph node evaluation in many centres. 
Owing to the exquisitely sensitive nature of this 
technology, its introduction to clinical practise has 
revealed a relatively high proportion of sentinel 
nodes with histologically unexplained RT-PGR 
positivity. 

This has raised the issue of whether detection of 
tyrosinase mRNA in the absence of histologic 
evidence of metastatic disease should prompt the 
surgeon to proceed to elective regional lymphade- 
nectomy. The current practise in this regard is not 
standardized and is largely institution dependent. In 
our centre, as in many others, these patients are 
followed clinically without further intervention. 
This stems from the knowledge that the RT-PGR 
technique has a well-documented rate of false- 
positivity, attributable in part to the presence 
capsular nevi in a substantial proportion of sentinel 
nodes removed from melanoma patients and to other 
postulated sources of 'melanocytic' markers, includ- 
ing melanophages, certain dendritic and Schwann 
cells.^'^ 

In this context, we set out to compare the clinical 
outcome of patients with sentinel lymph node 
positivity for tyrosinase-mRNA by RT-PGR alone 
with the outcomes of patients yielding histologic 
nodal positivity, and of patients whose nodes were 
negative by both methods. Our objective was to 
determine whether it is justifiable to withhold 
elective regional lymph node dissection from the 
first of these three groups. 

Materials and methods 

Patients 

All patients who underwent sentinel lymph node 
excision for primary cutaneous melanoma at the 
Queen Elizabeth II Health Sciences Gentre between 
October 1998 and May 2004 were identified retro- 
spectively using the Department of Pathology La- 
boratory Information System (LIS-Gerner Systems, 
USA). These mainly included individuals with 
intermediate thickness melanomas (1.0-4.0 mm) 
and those with thin (<1.0mm) level four melano- 



mas lacking clinical evidence of regional lymph 
node involvement. A definitive excision of the 
primary tumour site was carried out in each case, 
usually at the time of the sentinel lymph node 
biopsy procedure. Any case in which the primary 
tumour was unavailable for pathologic review (ie 
excised at another institution) was excluded from 
the study. Patients with histopathological evidence 
of metastatic melanoma in the sentinel node(s) were 
offered further treatment with elective regional 
lymph node dissection as well as consultation with 
medical oncology, whereas all others were assigned 
to clinical follow-up alone. 

Glinical information was obtained from patients' 
medical records and from an institutional melanoma 
patient database developed and maintained by one 
of the authors (GG). Data collection included the age 
and gender of the patient, the anatomic site of the 
primary tumour, length of clinical follow up, the 
presence and type of disease recurrence and any 
additional (surgical, medical or radiation) treatment. 
Recurrence was defined as any clinical, pathological 
and/or radiological evidence of recurrent local 
disease, in transit or satellite metastases, regional 
or distant lymph node involvement and/or systemic 
or visceral metastases. Duration of follow-up was 
defined as the interval fi-om the time of the initial 
pathological tissue diagnosis of melanoma (biopsy 
or excision) to the most recent clinical evaluation of 
the patient. 

Sentinel Lymph Node Procedure 

Radionucleotide lymphatic mapping was used 
for preoperative identification of lymph node 
drainage of the primary tumour. At the time of 
surgery, injection of the primary tumour site with 
®^°^Te-labeled colloid was followed by lymphoscin- 
tigraphy and subsequent intraoperative injection of 
a non-vital blue dye. Identification and dissection of 
the sentinel node(s) was aided by both the visible 
blue color and the radioactive signal detected with a 
hand held gamma probe. 

Sentinel Lymph Node Evaluation 

Processing and pathologic review of the sentinel 
lymph nodes was based on methods used originally 
in the Multicentre Selective Lymphadenectomy 
Trial from the John Wayne Gancer Institute and 
these are outlined in detail in previous publications 
by the senior author. ^'^ Briefly, each harvested 
node was received fresh in the laboratory and 
one-quarter was frozen for RNA extraction. Tyrosi- 
nase messenger RNA was sought by the RT-PGR 
technique according to previously published proto- 
cols^° using appropriate positive and negative 
controls. 

The remaining three-quarters of each node were 
immediately formalin-fixed and paraffin embedded. 
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Six serial sections were produced for histopatho- 
logical and immunohistochemical analyses. Two 
sections of each node were stained with hematox- 
ylin and eosin (H&E). Immunohistochemistry was 
performed on alternate sections with antibodies for 
SlOO protein (polyclonal rabbit anti-cow antibody, 
DAKOcytomation, Mississauga, ON, Canada) and 
HMB45 (anti-human melanosome clone antibody, 
Ventana, Tucson, AZ, USA) in concert with appro- 
priate positive and negative control sections. Histo- 
logic positivity of sentinel lymph nodes was defined 
as the presence of any evidence of metastatic 
melanoma by H&E staining and/or immunohisto- 
chemistry. Representative examples of RT-PGR, 
histologic and immunohistochemical analyses are 
shown in Figure 1. 

The pathology of all primary melanoma and 
sentinel node specimens was reviewed, at the outset 
or retrospectively, by one of the authors (NW). The 
pathologic prognostic features recorded for each 
primary tumour included depth/thickness (Clark's 
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level and Breslow measurement) and the presence 
or absence of ulceration. 

Statistical Analysis 

Comparative analysis of clinical and pathological 
factors between groups was performed using a 
standard test. Univariate and multivariate logistic 
regression analysis were performed on primary 
tumour characteristics, sentinel lymph node status 
(histologic and molecular) and clinical data to 
identify prognostic variables. 

Results 

Patient and Primary Tumour Characteristics 

The initial computerized search of the LIS identified 
169 patients (314 sentinel nodes). Twenty patients 
were removed from the study owing to insufficient 
RNA or RT-PCR product for molecular analysis and 




Figure 1 [a) Gel electrophoresis of tyrosinase RT-PCR products: expected 203 base pair [bp) band [white arrow) in patient lanes [Pt 1, Pt 
2) and in positive control [POS) lane; lane 2: No RNA [NEG) control; lane 5: Negative control [NEG) with non-specific band; [b) metastatic 
melanoma in sentinel lymph node [H&E, medium power); [c) SlOO and [d) HMB45 immunohistochemistry of metastatic melanoma 
seen in (b). 
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a further 10 patients were excluded because of 
incomplete clinical data (ie lost to follow-up). In 
total, 264 sentinel lymph nodes harvested from 139 



Table 1 Clinical characteristics of melanoma patients [n = 139) 

Characteristic No. of patients (%) 

Gender 

Male 78 (56) 

Female 61 (44) 

Age (years) 
Mean (range) 

All patients 56.4 (14-86) 

Male 57.4 (14-84) 

Female 55.2 (28-86) 

Site of primary melanoma 

Head or neck 21 (15) 



Trunk 




51 (37) 


Upper extremity 




39 [28) 


Lower extremity 




28 (20) 


Table 2 l^ilhological cliaracloris 


I ics of prin 


lary tumours (/) — 139) 


Characteristic 




Number (%) 


Breslow measurement (mm) 






< 1.1 mm 




36 (26) 


1.1-2. 0 mm 




60 (43) 


2.1-3.0 mm 




25 (18) 


3. 1-4. 0mm 




9 (6.5) 


> 4.0 mm 




9 (6.5) 


Mean 




1.92 


Median 




1.40 


Range 




0.3-8.0 



Clark level 
II 
III 
IV 
V 

Ulceration 
Yes 
No 

Not determined 



3 (2.2) 
75 (54) 
58 (42) 

3 (2.2) 



13 (9.3) 
125 (90) 
1 (0.7) 



patients (mean of 1.9; range of 1-8 nodes/patient) 
were included in the study. 

The clinical characteristics of these patients and 
the pathological characteristics of their primary 
tumours are shown in Tables 1 and 2, respectively. 
The mean age of the slightly male predominant 
study population was 56.4 years (range 14-86). The 
mean and median Breslow tumour thicknesses were 
1.92 and 1.40 mm, respectively, with a correspond- 
ing mean and median Clark level of III. There were 
no significant differences in any of the measured 
demographic or pathological variables between the 
original 169 patients and the subset of 139 patients 
included in this study (data not shown). 



Histopathologic and Tyrosinase RT-PCR Analyses 

All sentinel lymph nodes were analyzed by both 
histopathologic examination (routine H&E sections 
and immunohistochemistry) and RT-PCR analysis. 
Histologic evidence of nodal metastasis was present 
in 34/139 patients (24.5%) and 61/139 (43.9%) 
patients demonstrated tyrosinase niRNA positivity 
by RT-PCR. Sentinel nodes from 13 patients (9.4%) 
were found to contain benign capsular nevi. 

Patients were then grouped according to nodal 
status. The first group (70/139 patients, 50.4%) had 
sentinel lymph nodes that were negative by both 
methods of evaluation (HIS'^'^/PCR'^^). The second 
group included 35 cases (25.2%) with RT-PCR 
positivity for tyrosinase mRNA, where metastatic 
disease was undetected by histopathologic means 
(HIS^^*^/PCR^°^). Benign capsular nevi were found in 
five of these 35 cases (HIS^^^/PCR^Q^/CN^^^) leaving 
30 of the 139 patients (21.6%) with unexplained RT- 
PCR positivity (HIS^^/PCR^^/CN^^). The final 
group of 34 patients demonstrated histopathologic 
evidence of metastatic disease, of which 26 showed 
concurrent RT-PCR positivity for tyrosinase mRNA 
(fjjgpos/p(-;j^pos) g.g]^^ patients had histopathological 
evidence of metastatic melanoma that was not 
detected by RT-PCR (HIS^°^/PCR^^^). 

Using histologic positivity as the 'gold standard', 
the calculated sensitivity and specificity of RT-PCR 
detected tyrosinase mRNA was 76 and 67%, respec- 



Table 3 Patient groups defined by SLN status 



Patient group 



Patient number Breslow thickness (mm) Ulceration (%) Months of follow-up Recurrence (%) 





(%) 


Mean 


Median (range) 




Mean 


Median (range) 






26 [19) 


3.13 


2.35 [0.7-7.9) 


6 [23) 


22.5 


22.0 [3-48) 


16 (62) 




8 [5.8) 


2.52 


2.25 [1.3-4.3) 


o[o) 


29.9 


25.5 [4-61) 


6 [75) 


HIS^^^/PCR^^ 


70 [50) 


1.46 


1.20 [0.3-4.0) 


3 [4.3) 


30.6 


32.0 [1-74) 


7 [10) 




30 [22) 


1.87 


1.40 [0.7-8.0) 


4 [13) 


24.8 


19.5 [4.5-74) 


2 [7.2) 


f^jgNEG/pCJ^POS/Cp^POS 


5 [3.6) 


1.30 


1.30 [0.9-1.9) 


0 [0) 


28.0 


26.0 [9-56) 


0(0) 



Abbreviations: CN^°^, capsular nevus detected; CN^^"^, capsular nevus not detected; HIS^^"-^, negative by histological/immunoliistoctiemical 
evaluation; HIS^'-'^, positive by histological/immunohistochemical evaluation; PCR^°^, tyrosinase mRNA detected by RT-PCR; PCR^^^, tyrosinase 
mRNA not detected by RT-PCR; SLN, sentinel lymph node. 
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lively, with a positive predictive value (PPV) of 43% 
and negative predictive value (NPV) of 90%. 



SLN Status and Clinical Outcome 

The mean duration of follow-up for all patients was 
27.7 months, with a median of 25.0 (range 1-74) 
months. During this time, recurrence of all forms 
(local, nodal and/or systemic) had developed in 31 
of 139 patients (22.3%). Table 3 compares the 
overall recurrence rates, duration of follow-up and 
primary tumour characteristics between each group 
of patients as defined by histopathologic and 
RT-PCR status of sentinel lymph nodes. 

Recurrence rates were similar among patients 
with positive histopathology, irrespective of 
RT-PGR status (HIS^°^/PGR^°^ 62.5% and HIS^°^/ 
p^j^NEG 750^) Recurrence developed in seven of 70 
patients (10%) in the HIS^^/PCR^=^ group and in 
two of 30 (7.2%) of the HIS^^^/PCR^^^/CN^^^ group. 
Statistically, recurrence rates were similar between 
the two HIS^^^ and between the two HIS^°^ groups 
(each P>0.05). Furthermore, there were significant 
differences in disease recurrence rates (P< 0.0001) 
when comparing HIS^^^ groups to HIS^°^ groups. 
No recurrence was seen in the HIS^^^/PCRP^^/CN^^^ 
group (n = 5). It was decided to remove these 
patients from subsequent statistical analysis on the 



Table 4 Prognostic indicators of recurrence: univariate analysis 
of clinical and pathological characteristics of melanoma patients 
(n = 134) 



Characteristic 



P-value 



Clinical 
Gender 
Age 

Primary tumour 
Location 

Breslow thickness 
Clark level 
Ulceration 

SLN status (histologic positivity) 



0.0912 
0.3679 

0.6424 

< 0.0001 
0.0178 
0.0636 

< 0.0001 



Abbreviation: SLN, sentinel node status. 



basis that the capsular nevi were responsible for 
t3a'osinase mRNA expression. 

Univariate logistical regression analysis was per- 
formed to determine which demographic, primary 
tumour and nodal factors were prognostic indicators 
of overall recurrence (Table 4). In addition to the 
primary tumour thickness (Breslow measurement 
and Clark level), the histologic status of sentinel 
lymph nodes was the only other significant prog- 
nostic indicator of disease recurrence in the popula- 
tion studied. When these three variables were 
examined in a multiple logistic regression analysis, 
only the Breslow thickness (P= 0.0193) and nodal 
positivity (P< 0.0001) remained as independent 
significant prognostic factors. The Clark level was 
no longer significant (P= 0.169). Patient gender, age, 
tumour location and/or presence of ulceration did 
not significantly impact on recurrence. The number 
of primary tumours displaying ulceration was small 
(13 in total). The presence of ulceration of the 
primary melanoma did not correlate with positive 
histologic sentinel lymph node status (P= 0.0849, 
standard Fisher's exact test). 

The type of disease recurrence (local, regional, 
distant, dead of disease) in relation to sentinel 
lymph node status is presented in Table 5. Although 
the sample sizes were relatively small in this 
analysis, there was continuation of the general trend 
of higher recurrence rates in HIS^°^ patients that 
were not affected by RT-PCR status. Death from 
malignant melanoma occurred in 11/34 (32.3%) of 
HIS^^^ patients and in 5/100 (5%) of HIS^^^ 
patients. Melanoma-related deaths were seen in 
both the HIS^^^/PCR^°^/CN^^^ and HIS^^/PCR^^^ 
groups with similar frequency (4.3 vs 6.7%). Multi- 
variate analysis revealed statistically significant 
differences between the HIS^^ and HIS^°^ groups 
within all categories of recurrence (P= 0.0019- 
P= 0.0184). Breslow thickness was a significant 
predictor only for overall recurrence and regional 
Ijonph node involvement (P = 0.0026). 



Discussion 

After grouping our patients according to sentinel 
lymph node status and then examining the clinical 
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Table 5 Types of disease recurrence among patient groups defined by SLN status (n = 134) 

Group All recurrence (% ) Local^ (% ) Regional^ (% ) Distant (% ) DOD (% ) 

HISP°s/PCRP°s [n - 26) 16 [62) 6 [23) 9 [35) 12 [46) 10 (38) 

HISP°s/PCR^^ [n-8) 6 [75) 4 [50) 3 [38) 2 [25) 1 (12) 

f^IgNEG/pcRNEG (^^70) 7 (iq) 3 (4.3) 3 (4.3) 4 (5.7) 3 (4.3) 

HIS^^/PCR^°^/CN^^ (11 = 30) 2(7.2} 0(0} 1(3.3} 2(6.7} 2(6.7} 

Abbreviations: SLN, sentinel node status; DOD, dead of disease. 
^Local recurrence, satellite metastases and/or in transit metastases. 
^Regional lymph node metastases. 

'^Distant lymph node, systemic and/or visceral metastases. 
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Table 6 Summary of patient groups based on SLN status in recently published study populations 



Reference Population Median (mean) SLN status of study population Recurrence rates CN RT-PCR Median (mean) 

fnj duration of Markers Rreslow 

follow up HIS""^/ HIS''^''/ HIS'^VPCR'^^ HIS''^''/ HIS''^''/ HIS'^VPCR'^^ thickness 

(months) PCR^^ PCR''^^ or PCR''^ PCR'^^ or (mm) 

HIS^os/PCR^^^ HIS^°^/PCR^^° 



Li et al (2000)" 


233 


(24) 


29% 


49% 


22% 


1.6% 


10% 


37% 


DNP 


Tyrosinase 


(2.18) 


Rimoldi et al (2003)'^ 


57 


36 


29% 


33% 


28% 


9% 


16% 


38% 


11% 


Tyrosinase 


1.9 (2.46) 


Ribuffo etal[2002)" 


134 


(42) 


37% 


52% 


11% 


DNP 


DNP 


DNP 


3.4% 


Tyrosinase 
MARTI 


1.82 


Ulrich et al (2004)^* 


322 


37 


77% 


12% 


11% 


8% 


26% 


44% 


0% 


Tyrosinase 


1.22 (2.11) 


Kammula et al (2005)"^ 


112 


42 


35% 


52% 


13% 


0% 


14% 


53% 


11% 


Tyrosinase 


2.2 (2.6) 






67 








15% 


24% 


67% 






Romanini et al (2005)^^ 


124 


30 


69% 


13% 


19% 


9.4% 


31% 


60% 


DNP 


Tyrosinase 

MARTI 


DNP 


Mangas et al (2006)''' 


180 


45 


31% 


48% 


21% 


5% 


10% 


30% 


2.8% 


Tyrosinase 


1.36 (2.19) 


Scoggins et al (2006)'^'' 


1446 


30 


75% 


25% 




10% 


11% 




DNP 


Tyrosinase 
MARTI 

MAGES 

GP-ino 


1.6 (2.1) 



Prt'srnI sillily l:M 1^^ [1^7] 22",; 10'\. 7.2". 0^".. ').r\. 'IX rosi iiasr 1. •10(1.92) 



Abbreviations: CN, capsular nevi; DNP, data not published; SLN, sentinel lymph node status. 
^Recurrence rates in this study were calculated at two different time points (42 and 67 months). 

in this study was defined as the detection of tyrosinase mRNA in addition to at least one other marker by RT-PCR. 
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outcome in each group, a clear difference emerged 
in the overall recurrence rates between the HIS^°^ 
and HIS^^*^ groups, reiterating the well-established 
independent prognostic significance of histopatho- 
logic evidence of nodal metastasis. We found the 
same to be true of the Breslow thickness of the 
primary melanoma, in accordance with existing data 
in the literature. In contrast to previous reports, 
ulceration of the primary tumour did not carry 
independent prognostic significance in our popula- 
tion. The relatively small number of ulcerated 
tumours in our study (9.3%) may have resulted in 
a lack of statistical power to demonstrate signifi- 
cance. 

The clinical outcome of patients in our study with 
positive results on molecular studies alone (HIS^^/ 
PCR^°^) was comparable to that of patients whose 
sentinel nodes were negative by both assessments 
(HIS^^/PCR^^^) and was significantly better than 
that observed in HIS^°^ patients. In addition, the 
relative rates of specific types of recurrence (local, 
regional, systemic and melanoma related-mortality) 
between the HIS^^/PCR^^^ and HIS^^^/PCR^^ 
groups were similar, these being significantly lower 
than those observed in the HIS^°^ group. These 
results support the current conservative approach to 
management of HIS^^/PCR^°^ patients, sparing 
these patients a significant number of unnecessary 
lymphadenectomy procedures with its associated 
morbidity. 

Our results differ from earlier published reports 
on this topic^^"^^ showing that molecular detection 

of metastasis in sentinel lymph nodes was of 
prognostic significance. These studies demonstrated 
recurrence rates in HIS^^/PCR^°^ patients that were 
intermediate between HIS^^^/PCR^^ and HIS^^^ 
populations, ranging from 10 to 31%. In contrast, 
the two most recent studies, ^^'^^ including the 
largest randomized prospective trial to date (The 
Sunbelt Melanoma Trial) support our findings. The 
recurrence rate in HIS^^^/PCR^°^ patients in these 
reports and in our study collectively was 7.2-11%, 
substantially lower than those previously reported, 
and not significantly greater than in HIS^^^/PGR^^ 
patients. Table 6 compares the populations and 
results of these reports with those of the present 
study. To our knowledge, ours is the first analysis 
with a retrospective design and relatively short 
duration of follow-up to show a lack of prognostic 
significance for t5a'osinase expression in sentinel 
nodes. 

It could be argued that the significance of our 
findings is limited by the short duration of 
follow-up (median 25 months). However, this time 
period is within the spectrum of those reported by 
others. A recent prospective study^^ showed that a 
statistically significant difference in rate of recur- 
rence in the HIS^^^/PCR^°^ group compared to 
HjgNEG/pcRNEG patients 14 vs 0%, P<0.05 found 
at 42 months of follow-up was lost by 67 months 
(24 vs 15%, P = 0.25). Given that the median time 
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to relapse in the HIS^^/PCR^^^ group was 
approximately 10 months later than in HIS^^*^/ 
PQf^pos patients, the authors concluded that the 
PGR^°^ patients developed earlier onset recurrence. 
If this is true, then it is likely that our findings 
would not change with a longer duration of 
follow-up. There is little doubt that additional 
work is required in this field and it can be expected 
that larger multicenter studies with a greater 
spectrum of clinical follow-up will yield the 
answer. 

Of patients in our study without histopathological 

or molecular evidence of metastatic disease in 
sentinel lymph nodes, 10% had recurrent disease 
within the follow-up period. This is comparable 
to recurrence rates in HIS^^/PGR^^^ patients re- 
ported in prior studies, which ranged fi'om 1.6 to 
15%.^^"^^ This apparent paradoxical pattern of 
disease progression may in part be explained by 
metastasis of some melanomas via the blood 
stream as opposed to the lymphatic system. Of 
the seven HIS^^/PGR^^ patients in this study 
with recurrence, only one patient developed 
distant metastases and died of metastatic melanoma 
without local or regional LN involvement. This 
one case may reflect haematogenous rather than 
lymphatic spread. The remaining six patients 
likely represent limitations in tissue sampling, 
evaluation methodologies and/or human interpreta- 
tive error. 

The prognostic significance of histopathological 
evidence of metastases in the sentinel lymph nodes 
of melanoma patients is beyond doubt and its 
inclusion as a valid staging parameter is well 
accepted. Additional work is required to address 
the significance of positive findings using 
highly sensitive molecular methods, such as RT- 
PGR, in this context. For example, it is open to 
question whether some of the 'melanoma-specific* 
molecular markers in current use are truly melano- 
ma-specific or whether they can be found in other 
cells such as Schwann cells or melanophages. 
Issuing from this is the question of whether 
positivity for multiple, rather than single, molecular 
markers carries more significance in predicting 
disease recurrence. Furthermore, whether a critical 
volume of metastatic melanoma cells in sentinel 
nodes has a relationship to disease recurrence is 
unknown and this may have a bearing on whether a 
defined threshold of positivity for melanoma mar- 
kers, detectable by RT-PGR, would be of value. The 
substantial number of patients with HIS'^'^/PGRP°^ 
sentinel nodes makes it imperative to resolve these 
issues, which are currently a focus of study by 
others. Our results indicate that, in the short-term, 
disease recurrence in patients with single marker 
positivity for tyrosinase mRNA is no different from 
that in patients whose nodes are negative by both 
methodologies. Given the conflicting data in the 
literature all available data on the subject require 
scrutiny. 
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Sentinel lymph node: detection of micro metastases of melanoma In a molecular 
study. 



Penninghof f yc, Kahx! AG, Fajco X Cymtchet Hp, EJsner B. 

Service of Pathology, Center for Medical Education and Clinical Investigation, Buenos Aires, 
Argentina, vdenningoff@cemlc.edu. ar 

INTRODUCTION: Lymph node status in patients with cutaneous malignant 
melanoma is the most important prognostic factor. Patients with clinically positive 
nodes (stage III) should undergo therapeutic lymphadenectomy; however, the 
surgical approach to the regional disease in patients with negative clinical 
examination (stage I and II) is still controversial. Selective lymphadenectomy 
consists of the intraoperative identification of the first node in the nodal basin, the 
sentinel lymph node (SLN). Routine examination, serial sectioning, and 
immunohistochemistry may underestimate the presence of tumor cells. PCR is a 
molecular biology technique that may be useful for the detection of malignant 
melanoma nodal metastases in the SLN. AIM: The aim of this study was to use 
tyrosinase messenger RNA (mRNA) amplification for the detection of 
micro metastases in fresh frozen SLNs. I^ETHODS: 46 hematoxylin-eosin (HE)- 
negative sentinel node samples from 42 patients with malignant melanoma were 
included in this study. Formalin-fixed paraffin-embedded sections were 
immunostained with S-100 protein and HMB-45. A central portion of the node was 
submitted for PCR. This method was accomplished with a combination of reverse 
transcription and amplification of the tyrosinase complementary DNA and double- 
round PCR (nested reverse transcriptase [RT]-PCR). RESULTS: In 1 of the 42 SLN- 
negative patients, immunohistochemistry stains allowed the detection of 
micrometastases. With molecular biology, 14 of the 42 SLN patients were positive 
(33%); in another 12 (29%), only the nested RT-PCR was positive. Of the 42 
patients, 24 were put into 3 groups and followed for a 5-year period with 1, 7, and 
16 patients, respectively, in the groups. The first group involved 1 patient who had 
provided 2 SLN samples that were found to be SLN-positive using both techniques, 
immunohistochemistry stains and nested RT-PCR (he had hepatic metastasis and 
died 24 months after diagnosis). The second group, with only nested RT-PCR 
positive SLN samples, included 7 of 12 patients who were followed and had a 
median survival of 37 months; 4 died of widespread metastatic disease, the other 3 
patients had event-free survival, but 1 consented to undergo a therapeutic 
lymphadenectomy as a result of a positive test. The last group consisting of 16 of 
32 patients, with complete 5-year survival, who were SLN-negative with both 
techniques, immunohistochemistry stains and nested RT-PCR. Fourteen of the 16 
(88%) were event-free survival during the follow-up, and 2 had local relapse. 
CONCLUSION: Tyrosinase mRNA amplification may be a negative prognostic factor 
for the detection of micrometastases in fresh frozen SLNs using molecular biology 
techniques. 
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Prognostic Significance of Molecular Staging Study of Sentinel 
Lymph Nodes by Reverse Transcriptase-Polymerase Chain 
Reaction for Tyrosinase in Melanoma Patients 
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Background: We performed this study to evaluate the clinical effect of microscopic and 
submicroscopic metastases in sentinel lymph nodes (SLNs) from patients with early-stage 
melanoma. 

Methods: Patients with confirmed cutaneous melanoma (American Joint Committee on 

Cancer stages I and II) underwent standard lymphoscintigraphy and SLN biopsy. Serial 
sections were divided between routine histopathology with hematoxylin and eosin plus 
immunohistochemistry for HMB-45 and molecular analysis by nested reverse transcriptase- 
polymerase chain reaction (RT-PCR) assay for tyrosinase (using p-actin as a control). 

Results: Of 180 patients analyzed (318 SLNs), 38 (21%) patients had positive SLN(s) by 
routine hematoxylin and eosin and immunohistochemistry (microscopic disease; group 1), and 
142 (79%) had negative histological results. Analysis by RT-PCR detected tyrosinase in at 
least 1 SLN from 124 (69%) patients. Among patients with histologically negative SLN(s), 
tyrosinase was detected in 86 (48%) patients (submicroscopic disease; group 2), whereas 40 
(22%) patients had negative results by both histology and RT-PCR (group 3). Sixteen (9%) 
patients had histologically negative SLNs and ambiguous RT-PCR results (group 4). Among 
138 patients in the analysis of recurrence (mean follow-up, 45 months), only 18 patients had a 
recurrence: 11 (31%) of 35 in group 1, 5 (10%) of 51 in group 2, and 2 (5%) of 37 in group 
3. No recurrences were seen in group 4. Only group 1 had a significantly shorter disease-free 
survival and overall survival compared with the other groups. 

Conclusions: After a long follow-up period, molecular upstaging by tyrosinase RT-PCR 
failed to detect a subgroup of patients with an increased probability of recurrence. 

Key Words: Melanoma — Molecular staging — Reverse transcriptase-polymer chain reaction — 
Tyrosinase — Sentinel lymph node. 
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The most powerful predictor of recurrence and 
overall survival in patients with primary cutaneous 
melanoma is the pathologic status of the regional 
lymph nodes at the time of diagnosis.^ However, the 
pathologic study of lymph nodes from a complete 
elective lymphadenectomy is time consuming and 
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expensive. With the introduction of the sentinel 
lymph node (SLN) biopsy procedure, which allows 
pathologists to focus on a more detailed pathologic 
examination of just one to four lymph nodes, this 
problem was partially solved.^ This minimally inva- 
sive procedure is currently performed as the standard 
of care in many major melanoma centers as an 
alternative to elective lymphadenectomy.^ 

In the past, nodal staging was based on routine 
histopathologic analysis with hematoxylin and eosin 
(H&E) stains and immunohistochemical (IHC) 
examinations of a central cross section of the node, 
which studies < 1% of the submitted nodal tissue. As 
a consequence, the proportion of patients with occult 
nodal involvement was often underestimated.^ Serial 
sectioning and IHC examination have been shown to 
improve the identification of melanoma cells in 
SLN(s) compared with routine cross-sectioning and 
H&E staining.^ Studies that reevaluated (with serial 
sectioning, IHC, or both) histologically negative 
SLN(s) from patients who experienced a recurrence 
have identified occult nodal metastases in up to two 
thirds of these patients.^ Moreover, it has become 
evident that 5% to 10% of patients with primary 
melanomas thicker than 1 mm who have histologi- 
cally negative SLN(s) will have a recurrence. This 
suggests that melanoma patients who have submi- 
croscopic nodal disease, which is not readily detected 
by routine histopathologic or IHC examination, are 
at risk for recurrence. ^'^ 

The amplification of tyrosinase messenger RNA 
(niRNA) by nested reverse transcriptase-polymerase 
chain reaction (RT-PCR) assay has been adapted for 
analysis of SLN(s) from patients with primary cuta- 
neous melanoma to increase the sensitivity of tumor 
cell detection. ^'^ This method can identify patients 
who have submicroscopic metastatic disease that may 
be missed with routine histopathologic and IHC 
examination of serial SLN sections. A study using 
tyrosinase RT-PCR to reevaluate the histologically 
negative SLN(s) of patients who experienced a 
recurrence demonstrated that 92% were positive. 
However, little is known about the biological and 
clinical relevance of finding evidence of submicro- 
scopic metastatic disease in the SLN(s) of patients 
with primary cutaneous melanoma. Preliminary data 
suggested that there may be a large percentage of 
false-positive results or that patients with submicro- 
scopic disease rarely have a recurrence, because most 
of the patients who were RT-PCR positive never 
developed a recurrence. This implies that RT-PCR 
might be too sensitive for clinical use. Recently, 
however, other markers, in addition to tyrosinase. 



have been used to enhance the sensitivity and speci- 
ficity of RT-PCR analysis,^ and these newer 
methods can even be applied to paraffin-embedded 
archival tissue. 

This study evaluated the rate of recurrence and 
the prognostic significance of microscopic and 
submicroscopic metastases in SLN(s) from patients 
with American Joint Committee on Cancer (AJCC) 
clinical stage I or II melanoma. SLNs were exam- 
ined by both routine histopathology and tyrosinase 
RT-PCR. 



PATIENTS AND METHODS 

Patients 

Patients with a biopsy-confirmed diagnosis of 
cutaneous melanoma were required to meet the fol- 
lowing eligibility criteria: diagnosis of melanoma 
within 1 month of study entry; Breslow thickness 
> .76 or <.76 mm but with a Clark level of IV or 
V, microscopic ulceration, or pathologic signs of 
regression; no cUnical evidence of regional lymph 
node or distant metastases by physical examination 
and staging evaluations (chest radiograph, abdominal 
ultrasonography, computed tomography, or bone 
scintigraphy); no evidence of multiple synchronous 
primary melanoma; no pregnancy; no changes in 
lymphatic flow caused by disruption of afferent 
lymphatic channels secondary to surgery (i.e., exci- 
sion of primary tumor with wide margins); no 
radiotherapy; and no inflammation or infection 
around the biopsy site or surgical wound. These cri- 
teria ensured that all patients enrolled in the study 
were AJCC clinical stage I or 11.^^ All patients pro- 
vided informed written consent. 

Study Design 

All patients underwent preoperative lymphoscin- 
tigraphy to define the regional lymphatic basins at 
risk for metastatic disease and to identify the num- 
ber and location of SLN(s) as described previ- 
ously. ^^'^^ Wide local excision of the primary lesion 
and SLN biopsy were performed. Immediately after 
surgery, SLNs were cut with a scalpel into slices 
approximately 1 mm thick parallel to the longitu- 
dinal axis, except for the first 70 patients, in whom 
SLNs were bivalved. SLNs were evaluated by both 
histopathologic and molecular methods. The even 
slices were submitted for routine H&E staining and 
IHC study, and the odd slices were used for 
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TABLE 1. Oligonucleotide primers used for tyrosinase and ^-actin amplification 



Primer 


Region 


Procedure 


Size (bp) 


Sequence (5' 30 


HTYRr 


Tyrosinase 


First PGR 


283 


TGGGAGATTGTGTGTAGGG 


HTYR2" 


Tyrosinase 


First PGR 




AGGGATTGTGGATGGTGGTT 


HTYR3'' 


Tyrosinase 


Nested PGR 


207 


GTGTTTATGGAATGGAAGGG 




Tyrosinase 


Nested PGR 




GGTATGGGAGTAAGTGGAGT 


TyrFl 


Tyrosinase 


First PGR 


151 


GAGGTGAGGAGGGGAGAAA 


TyrRl 


Tyrosinase 


First PGR 




TTTGGAGGATTAGGGGGTAAA 


TyrF2 


Tyrosinase 


Nested PGR 


76 


AGTGGTAAGTTAGTGAGGGGAGG 


TyrR2 


Tyrosinase 


Nested PGR 




GGGTGGGGGGTTGGATTGGATAA 


ActF 


Actin 


PGR 


315 


TGTAGAATGAGGTGGGTGTG 


ActR 


Actin 


PGR 




GGTGAGGATGTTGATGAGGT 



bp, base pairs; PGR, polymerase chain reaction. 
" From the work of Smith et al.^^ 



molecular analysis. The slices were alternately pro- 
cessed for RT-PCR studies and for paraffin inclu- 
sion. Patients were followed up for melanoma 
recurrence and survival. 



Pathologic Examination 

Each even slice was embedded in a separate paraffin 
block, and consecutive sections were cut from each 
block. At least three sections were stained with con- 
ventional H&E stain, and the two adjacent sections 
were studied by IHC staining by using polyclonal 
rabbit anti-cow SI 00 (DAKO Corporation, Carpin- 
teria, CA) diluted 1/200 and monoclonal mouse anti- 
human melanoma antigen HMB-45 (DAKO) diluted 
1/200. When the primary tumor was known to be 
negative for HMB-45 or when a group of suspicious 
cells was positive for SI 00 but negative for HMB-45, a 
consecutive slice was stained for monoclonal mouse 
anti-human Melan A clone 103 (DAKO) diluted 1/25. 
All sections were systematically examined for mi- 
crometastases starting from the marginal sinus. When 
negative cases on IHC staining were positive by RT- 
PCR, two additional sections (.2 mm deep) were cut 
and stained for H&E and HMB-45. In all cases, the 
same pathologist performed the examination. A 
lymph node was considered positive by histopathol- 
ogy if tumor cells were identified either by H&E or by 
IHC staining. 



RT-PCR Assay 

Tissue blocks were snap-frozen in liquid nitrogen 
and kept at -80°C until RNA isolation. The tissue 
was mechanically homogenized, and total RNA was 
extracted by using a standard kit (Ultraspec; 
Biotecx Laboratories, Houston, TX). The RNA 



concentration and purity were measured by spec- 
trophotometry, and the integrity was visualized by 
1.5% agarose gel. To assess the RNA integrity and 
the reverse transcription procedure, the P-actin gene 
complementary DNA was simultaneously amplified 
with tyrosinase. Two different regions of the 
tyrosinase complementary DNA were amplified by 
using two different sets of primers, HTYRl- 
HTYR2/HTYR3-HTYR4,^^ and a new set of 
primers, TyrFl -TyrRl/TyrF2-TyrR2 (Table 1). The 
result was considered definitive when it was repro- 
duced by using both sets of primers. Both tests 
were repeated when the results were discordant, 
and in those cases, the test was labeled as positive 
or negative only when three of four tests were 
concordant. Cases in which only two of four tests 
were positive for tyrosinase were considered 
ambiguous results. 

To reduce sample manipulation, we performed 
one-step RT-PCR reactions by using .5 jig of total 
RNA, which was added to the mix containing 4 ng/ 
|iL of random primer, 2.5 mM of MgCl2, .2 jiM of 
tyrosinase primers (either HTYR1-HTYR2 or 
TyrFl -TyrRl; TIB MolBiol), and .03 \iM of the 
p-actin primers (ActF and ActR; TIB MolBiol, 
Berlin, Germany). The RT-PCR reactions were per- 
formed as follows: 30 minutes at 42°C followed by 35 
cycles at 95°C for 20 seconds, 60°C for 30 seconds, 
and 72°C for 20 seconds (HTYR1-HTYR2 primers) 
or 95°C for 20 seconds, 55°C for 30 seconds, and 
72°C for 20 seconds (TyrFl-TyrRl primers). 

Nested PCR was performed with 1 jiL of the 
RT-PCR product in 25 jiL of final volume with the 
following conditions: .1 mM of each deoxyribonu- 
cleoside triphosphate (deoxyribonucleoside triphos- 
phate solutions; Ecogen, Barcelona, Spain), .4 \iM 
of tyrosinase primers, .4 |j,M of p-actin primers, 
and 1.25 U of Tag polymerase (Eco Taq; Ecogen). 
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Twenty-five PGR cycles were performed as described 
previously for the HTYR3-HTYR4 primers and 
TyrF2-TyrR2 primers. The sensitivity of the assay 
was assessed by serial dilutions of the melanoma cell 
line COLO 853 in the lymph cell line MOLT-4. The 
sensitivity was optimized to detect 3 melanoma cells 
in 10^ lymphocytes. 

After the patients provided informed consent, 
lymph nodes obtained from 16 patients undergoing 
noncancer surgery (vascular surgery) were used as 
negative controls for tyrosinase RT-PCR. Only 
1 (6.2%) of the 16 lymph nodes was positive for 
tyrosinase (false-positive rate), but 2 lymph nodes 
had ambiguous results (i.e., 2 positive and 2 negative 
reactions). We included water as a nontemplate 
control in every PGR, and the result was excluded if 
the control was contaminated. 

Adjuvant Therapy and Follow-Up 

Patients whose SLN(s) were positive by histopa- 
thology underwent a complete lymph node dissec- 
tion. Those patients and patients with a primary 
tumor thickness > 4 mm — regardless of the path- 
ologic status of their SLN(s) — were offered adjuvant 
high doses of interferon alfa-2b immunotherapy. ^^'^^ 
No cUnical decisions for further surgical and/or 
adjuvant medical treatment were based on the re- 
sults of the RT-PGR assay except for 34 patients 
who had histologically negative SLNs that were 
positive by RT-PGR. These patients agreed to be 
enrolled in a pilot therapeutic trial. These 34 pa- 
tients and patients with <3 months of follow-up 
were not considered for recurrence and survival 
analysis. Follow-up was considered since the date of 
the SLN biopsy. Follow-up evaluations were per- 
formed at 6-month intervals and consisted of a 
careful physical examination and routine blood 
investigations, including lactate dehydrogenase lev- 
els. At least once a year, a chest radiograph and 
ultrasound abdominal examination were performed. 
Computed tomography, magnetic resonance imag- 
ing, and bone scintigraphy were performed only in 
patients with clinical findings suggestive of meta- 
static disease. 

Statistical Analysis 

Standard statistical techniques were used. Cate- 
gorical variables were compared between groups by 

test. Patients' survival functions were generated for 
overall and disease-free survival by using the Kaplan- 
Meier method.^^ Survival was calculated from the 



date of SLN biopsy to the date of first recurrence. 
Statistical inference on survival functions between 
subgroups was based on the long-rank test for 
equaUty of the survival functions. 



RESULTS 

A prospective cohort of 195 consecutive patients 
with AJCC stage I or II primary cutaneous mela- 
noma were enrolled from September 1998 to June 
2003 at a single institution (Hospital Universitario 
Germans Trias i Pujol, Badalona, Spain), where 
lymphatic mapping and SLN biopsy were success- 
fully performed in all but 3 patients. These three 
patients had multiple SLNs, one of which was not 
found. After processing of the SLN(s), patients who 
tested negative by RT-PGR for the P-actin control 
(n = 10) and five patients with aggregates of nevus 
cells were removed from the study. From the 
remaining 180 patients, a total of 318 SLNs, ranging 
from 1 to 4 (mean, 2.73) per patient, were obtained 
and analyzed. The demographic, clinical, and histo- 
pathologic characteristics of these 180 patients are 
Usted in Table 2. 

Pathologic and RT-PCR Examination 

After routine examination by H&E and IHG 
staining with HMB-45, 38 (21%) patients were found 
to have metastatic melanoma cells in 1 or more 
SLN(s), and 142 (79%) patients had negative results. 
Among patients with histologically positive SLNs, 
tyrosinase mRNA was detected in all but three nodes 
(considered RT-PGR false-negative results). Expres- 
sion of tyrosinase mRNA by using RT-PGR was 
detected in at least 1 SLN from 124 (69%) patients. 
Among patients with histologically negative nodes, 
tyrosinase mRNA was detected in 86 (48%) patients, 
whereas 40 (22%) patients tested negative by RT- 
PGR, and 16 (9%) had ambiguous RT-PGR results 
(i.e., 2 positive and 2 negative reactions). As expected, 
the number of patients with histologically positive 
SLN(s) increased with both the tumor thickness and 
clinical stage (P < .001), whereas the RT-PCR re- 
sults showed a statistically significant correlation only 
with Breslow thickness (Table 3). 

A total of 138 patients were included in the analysis 
of recurrence and survival. Thirty -four patients with 
histologically negative but RT-PGR— positive SLN(s) 
were excluded from this analysis because they were 
enrolled in another clinical trial. Patients were clas- 
sified into four groups according to their SLN status 
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TABLE 2. Demographic, clinical, and histopathologic 
characteristics of patients included in the analysis (n = 180) 


Characteristic 


Data 


Sex 




Male 


69 (38.3) 


Female 


111 (61.6) 


Age (y) 




Mean 


54.06 


Median 


53 


Range 


23—87 


Site of primary tumor 




Head and neck 


16 (8.8) 


Trunk 


66 (36.6) 


Upper limb 


27 (15) 


Lower limb 


70 (38.8) 


Vulva 


1 (1) 


Thickness (mm) 




Mean 


2.19 


Median 


1.36 


Range 


.18 — 10 


Thickness (mm) 




< 1 


51 (28.3) 


1.01—2 


60 (33. 3) 


2.01—4 


42 (23.3) 


> 4 


22 (12.2) 


Data not available 


5 (2.7) 


Clark level 




I 


r (.5) 


II 


15 (8.3) 


III 


59 (32.7) 


IV 


91 (50.5) 


V 


7 (3.8) 


Data not available 


7 (3.8) 


Ulceration of primary lesion 


Present 


40 (22.2) 


Absent 


111 (^01.0^ 


Data not available 


29 (16.1) 


Regression 




Present 


22 (12.2) 


Absent 


112 (62.20) 


Data not available 


46 (25.5) 


Histological subtype 




Superficial spreading 


92 (51.1) 


Nodular 


54 (30) 


Acrolentiginous 


8 (4.4) 


Lentigo mahgna 


3 (1.6) 


Unclassified 


23 (12.7) 



Data are n (%) unless otherwise noted. 
" Patient with very intensive regression. 



(Table 4), and the incidence of recurrence was eval- 
uated for each group after a mean follow-up of 45 
months (median, 45 months; range, 4-78 months). 
Group 1 included 35 patients with histologically 
positive SLN(s) (i.e., microscopic metastases). All 
patients in this group underwent a complete lym- 
phadenectomy, and five (14%) had micrometastases 
in additional nodes. Twenty-six (65%) patients in this 
group received adjuvant therapy with high-dose 
interferon alfa, but only 17 (70%) were able to com- 
plete at least 80% of their scheduled dose. Group 2 
included 51 patients with histologically negative 
but RT-PCR— positive SLN(s) (i.e., submicroscopic 



metastases). Group 3 included 37 patients with neg- 
ative SLN(s) by both diagnostic techniques. Group 4 
included 15 patients with histologically negative 
SLN(s) and ambiguous RT-PCR results. 

There were 18 recurrences in this cohort of 138 
patients, and the sites of first tumor recurrence are 
listed in Table 4. There were 1 1 recurrences in group 
1 (31%), 5 in group 2 (10%), 2 in group 3 (8%), and 
none in group 4 at the last follow-up. The mean time 
to first recurrence was 14 months (range, 2.58—40.2 
months) for all recurrences, 14.5 months in group 1, 
11.3 months in group 2, and 38.3 months in group 3. 
Ten of 138 patients died: 7 in group 1 and 3 in group 
2. 

Kaplan-Meier estimates of disease-free survival by 
SLN status are shown in Fig. la. Patients in group 
1 had significantly shorter disease-free survival than 
patients in group 2 (P = .007), group 3 (P = .0021), 
or group 4 (P = .0074). Among patients with histo- 
logically negative SLN(s), those who had positive 
SLN(s) by RT-PCR (group 2) had no difference in the 
probability of recurrence compared with those who 
had negative results by RT-PCR (group 3; P = .5) or 
those who had ambiguous RT-PCR results (group 4; 
P = .2). Moreover, there was no difference in disease- 
free survival between groups 2 and 3 whether patients 
in group 4 were considered to be RT-PCR negative 
(P - .7) or RT-PCR positive (P = .2). 

Regarding overall survival, patients in group 1 
had worse survival than patients in group 2 (P = 
.006), group 3 (P - .002), or group 4 (P - .009). 
No other difference between groups was significant 
(Fig. lb). 

DISCUSSION 

The reported rates of histologically detectable mi- 
crometastasis in the SLN(s) of patients with AJCC 
stage I or II primary cutaneous melanoma are 
quite uniform — approximately 20% (21% in our ser- 
ies) — despite different criteria used to select patients 
for SLN biopsy and different sampling methods and 
pathologic approaches to analyzing SLNs.^^'^^ How- 
ever, the frequency of submicroscopic metastases in 
SLNs (histologically negative and RT-PCR positive) 
varies widely, ranging from 30% to 52%^"^ (48% in our 
series: Table 5).^'^^'^^"^^ These data may resuh from 
different approaches to molecular studies, such as 
using nested RT-PCR or single RT-PCR, different 
primers and conditions for RT-PCR, and different 
criteria for labeUng a sample as positive. In our ap- 
proach, a subset of ambiguous PCR results (i.e., two 
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TABLE 3. Pathologic and molecular status of SLNs depending on T value, clinical stage, and Breslow thickness (n = 180) 



Histopathologic SLN status, n (%f 



Molecular SLN status, n (%f 



Variable 



Positive (n = 38) Negative (n = 142) Positive (n = 124) Negative (n = 40) Ambiguous (n = 16) 



T value 

Tl 2 (4) 

T2 7 (12) 

T3 15 (36) 

T4 13 (59) 

NA 1 

Clinical stage 

lA 2 (6) 

IB 5 (7) 

IIA 9 (31) 

IIB 14 (48) 

lie 7 (58) 

NA 1 

Breslow thickness (mm) 

Median 3.94 

95% CI 3.1-4.7 
Range .8-10 



49 (96) 

53 (88) 
27 (64) 

9(41) 

4 

32 (94) 
65 (93) 
20 (69) 
15 (52) 

5(42) 

4 

1.69 

1.08-2.5 
.18-9.7 



32 (63) 
39 (65) 
32 (76) 
16 (72) 
5 

19 (56) 
47 (67) 
24 (83) 
19 (65) 

9(75) 

5 

2.75 

2.09-3.6 
.29-10 



14 (27) 
17 (28) 
5(12) 
4(18) 



10 (29) 
18 (26) 
2(7) 
7 (24) 
2(17) 



1.63 

1.23-2.03 
.18-5.5 



5(10) 
4(6) 
5(12) 
2(9) 



5(15) 
5(7) 
3(10) 
3(10) 
1 (8) 



1.78 
1.08- 
.36-4.5 



-2.48 



SLN, sentinel lymph node; NA, not available; CI, confidence interval. 
"Percentages calculated by row. 



TABLE 4. Number and sites of recurrence by sentinel lymph node (SLN) status (n = 138) 



Group 


SLN status 




n 


Recurrences 




Site of recurrence 




Deaths 


Pathology 


RT-PCR 


L 


N 


D 


1 


+ 


+ /- 


35 


11 (31%) 


3 


0 


8 


7 


2 




+ 


51 


5 (10%) 


1 


3 


1 


3 


3 






37 


2 (5%) 


1 


1 




0 


4 




NR 


15 


0 








0 



RT-PCR, reverse transcriptase-polymerase chain reaction; L, local or in transit; N, nodal; D, distant; NR, not reproducible. 



negative and two positive RT-PCR reactions) in 10% 
of the patients could be positive or negative depending 
on both the criteria used to label a sample as positive 
and the efficiency of RT, PCR, or both. The fact that 
patients with ambiguous RT-PCR results had had no 
recurrences at last follow-up suggests that these pa- 
tients may have such a small tumor burden, probably 
at the limit of detection by RT-PCR, that the tyrosi- 
nase amplification is not always reproducible. As far as 
we know, this is the first time that this has been 
reported, but probably this is also one of the reasons to 
explain the wide variability of the results among series. 

The really important issue and the primary goal of 
all these molecular reports is the prognostic signifi- 
cance of submicroscopic metastasis in SLN(s). Most 
of the previous studies seem to confirm significant 
differences in the rate of recurrence for patients with 
microscopic versus submicroscopic nodal metastases 
and compared with patients with no molecular evi- 
dence of nodal metastases.^'^^'^"^'^"^"^^ However, we 
did not find any difference in disease-free survival 
between patients with submicroscopic metastasis 



(group 2) and those without any evidence of nodal 
metastasis (group 3). In accordance with our results, 
Kammula et al.^^ recently reported that with a median 
follow-up of 67 months, there was no longer a sta- 
tistical difference in disease-free survival among the 
histologically negative patients who were stratified by 
tyrosinase RT-PCR. Also similar to the results of 
Kammula et al. is the observation that RT- 
PCR-negative patients experience disease recurrence 
significantly later than RT-PCR— positive patients, 
whereas no significant differences between patholog- 
ically positive results and pathologically negative/ 
PCR-positive results were found. The later recur- 
rences in the PCR-negative group can explain why 
other shorter follow-up studies found prognostic sig- 
nificance with the molecular upstaging method. This 
observation points out, as Kammula et al. previously 
suggested, that these tumors with negative SLNs by 
both molecular and pathologic methods have a dif- 
ferent biological behavior and remain dormant for 
longer periods. However, the main problem with the 
nested RT-PCR tyrosinase approach is the high per- 
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FIG. 1. Kaplan-Meier estimate of disease- free survival (a) and overall survival (b) by sentinel lymph node (SLN) status. Group 1 includes 
patients with histologically positive SLN(s), group 2 includes patients with histologically negative but reverse transcriptase-polymerase chain 
reaction (RT-PCR) -positive SLN(s), group 3 includes patients with histologically negative SLN(s) that were also negative by RT-PCR, and 
group 4 includes patients with ambiguous RT-PCR results. 



TABLE 5. Summary of recent molecular detection studies of melanoma metastases in sentinel lymph nodes 



% Patients with Rate of recurrence by type of nodal 
metastases metastases (%) 



Study 


Molecular markers 


Median follow-up 
(mo) 


n 


Micro 


Submicro 


Micro 


Submicro 


No micro or 
submicro 


Shivers et al. 


Tyr 




114 


20 


41 


61 


13 


2 


(1998)^ 


















Blaheta et al. 


Tyr 


19 


116 


13 


31 


67 


25 


6 


(1998/ 


















Bostick et al. 


Tyr, MART, MAGE 


12" 


72 


23 


36 


29 


15 


0 


(1999)25 
















Li et al. 


Tyr 


20 


160 


22 


49 


37 


10 


2 


(2000)^° 


















Ribuffo et al. 


Tyr, MART 


42" 


134 


11 


52 


NA 


NA 


4 


(2003)24 
















Goydos et al. 


Tyr 


34 


175 


19 


38 


50 


20 


0 


(2003/^ 


















Takeuchi et al. 


MART, MAGE, Pax3, 


60 


215 


25 


30 


60 


56 


11 


(2004)2^ 


Gal Nac-T 
















Kammula et al. 


Tyr 


67 


112 


13 


53 


67 


24 


15 


(2004)2^ 
















This study 


Tyr 


45 


180 


21 


48 


30 


10 


5 



Micro, micrometastasis; Submicro, submicrometastasis; NA, not available. 
" Mean values. 



centage of positive results (approximately 50% in 
most series; Table 5). Certainly, the smaller proba- 
bility of recurrence of the pathologically negative/ 
PCR-positive group compared with the pathologi- 
cally positive group suggests that there may be a large 
percentage of RT-PCR false-positive results. False- 
positive results for tyrosinase detection can result 



from several causes: illegitimate transcription, con- 
tamination, or capsular nevi.^^ Alternatively, the RT- 
PCR method may simply be too sensitive and may 
identify subclinical metastatic disease that is unlikely 
to lead to a cHnical recurrence. 

In an effort to increase the sensitivity and speci- 
ficity of SLN molecular staging, different approaches 
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have been proposed. Some investigators have used a 
multimarker method^ ^"^"^'^^'^^ consisting of a single 
round of RT-PCR for different melanoma-associated 
antigens, such as melanocytic differentiation antigens 
(i.e., tyrosinase, melanoma antigen recognized by T 
cells [MART-l/Melan A], melanocity lineage-specific 
antigen gp-100 [gp-100], melanocity protein Pmel-17 
precursor [Pmel-17], tyrosine-related protein- 1 [TRP- 
1], and tyrosine-related protein-2 [TRP-2]) or those 
associated with tumor transformation (i.e., melano- 
ma antigen family A [MAGE], B melanoma antigen 
[BAGE], and G antigen [GAGE]). The optimal 
combination of these different markers remains 
unknown, although a recent study showed a combi- 
nation of markers with independent prognostic sig- 
nificance.^^ Simultaneously, real-time PGR is being 
developed with the aim of quantifying the metastatic 
disease burden and establishing the optimal threshold 
to identify patients at high risk for recurrence. ^^'^^ 
Takeuchi et al.'^^ with a follow-up similar to that of 
Kammula et al. and longer than that in our series, 
found significance with a multimarker quantitative 
method. To clarify whether a different molecular 
approach in our case would show a statistically sig- 
nificant difference with molecular upstaging, quanti- 
fication of several markers through real-time PGR is 
now in progress. 

Another interesting observation is that the recur- 
rence rate in both groups 1 and 2 was slightly lower 
than that reported in other series with similar or less 
follow-up (30% vs. 29%-67% and 10% vs. 
10%— 25%, respectively), as shown in Table 5. Over- 
all, our different criteria for selecting patients for 
SLN biopsy, including those with a Breslow thickness 
< 1 mm but with pathologically evident signs of 
regression, might increase the percentage of good- 
prognostic patients. Another explanation could be 
the relatively better prognosis for melanoma in wo- 
j^gj^ 15,33 because our cohort of patients has a marked 
female predominance compared with other series. In 
this sense, a leveling off tendency in melanoma 
mortality rates in South European countries such as 
Spain has been recently published. In patients with 
microscopic metastases, the extraordinary heteroge- 
neity of metastatic risk for stage III melanoma with a 
5-year survival rate ranging from 67% to 26%^^ can 
also explain our less frequent rate of recurrence in 
this group of patients because, in our series, > 50% 
of the clinical stage III melanoma patients had clini- 
cal stage IIIA disease (data not shown). Moreover, 
treatment with complete lymphadenectomy plus 
adjuvant high-dose interferon, which was used in this 
study, differs from other series and could be an 



explanation for the apparent disease-free survival 
advantage in this group of patients. 

Although the number of recurrences was small, 
thus limiting the interpretation, the different patterns 
of recurrence in patients with microscopic and sub- 
microscopic disease are interesting. In our study, only 
one patient in the group with histologically negative 
and RT-PCR-positive SLN(s) had a distant metas- 
tasis. The first site of recurrence in this group was 
most often regional. In contrast, in the group with 
histologically positive SLN(s), most of the first 
recurrences were at distant sites. These results raise 
the question of whether the regional nodal recur- 
rences in patients with histologically negative but RT- 
PGR-positive SLN(s) really had false-negative re- 
sults in the SLN biopsy procedure or in the patho- 
logic analysis. However, in contrast to the results of 
this study, the New Jersey Gancer Institute series 
showed a high rate of visceral metastasis in patients 
with both microscopic and submicroscopic nodal 
metastases,^^ thus suggesting that completion lym- 
phadenectomy in patients with only RT- 
PGR-detectable nodal disease may be ineffective. In 
our opinion, considering the discordant published 
results, questions regarding the best therapeutic 
strategy for patients with RT-PCR— positive SLN(s) 
remain unsolved. The Sunbelt Melanoma Trial and 
Multicenter Selective Lymphadenectomy Trial II may 
elucidate this polemical issue. 

In conclusion, the results reported in this study 
corroborate the previous observation that a longer 
follow-up period is necessary to understand the bio- 
logical significance of metastatic molecular detection 
by RT-PGR alone. Further investigation with a dif- 
ferent molecular approach using multiple markers 
and with a longer follow-up may help us to under- 
stand the meaning of the presence of occult disease in 
SLNs from melanoma patients. 



ACKNOWLEDGMENTS 

Supported by grants from Fondo de Investigaciones 
Sanitarias (98/0449 and 02/933) and the Red Espanola 
de Gentros de Genomica del Gancer (C03/10). 



REFERENCES 

1. Balch CM. Cutaneous melanoma: prognosis and treatment 
results worldwide. Semin Surg Oncol 1992; 8:400-14. 

2. Morton DL, Wen DR, Wong JH, et al. Technical details of 
intraoperative lymphatic mapping for early stage melanoma. 
Arch Surg 1992; 127:392-9. 



Ann. Surg. Oncol. Vol. 13, No. 7. 2006 



918 



C. MANGAS ETAL. 



3. McMasters KM, Reintgen DS, Ross MI, et al. Sentinel lymph 
node biopsy for melanoma: controversy despite widespread 
agreement. J Clin Oncol 2001; 19:2851-5. 

4. Cochran AJ, Wen DR, Morton DL. Occult tumor cells in the 
lymph nodes of patients with pathological stage I mahgnant 
melanoma. An immunohistological study. Am J Surg Pathol 
1988; 12:612-8. 

5. Yu LL, Flotte TJ, Tanabe KK, et al. Detection of microscopic 
melanoma metastases in sentinel lymph nodes. Cancer 1999; 
86:617-27. 

6. Gershenwald JE, Colome MI, Lee JE, et al. Patterns of 
recurrence following a negative sentinel lymph node biopsy in 
243 patients with stage I or n melanoma. J Clin Oncol 1998; 
16:2253-60. 

7. Shivers SC, Wang X, Li W, et al. Molecular staging of 
mahgnant melanoma: correlation with chnical outcome. 
JAMA 1998; 280:1410-5. 

8. Wang X, Heller R, Van Voorhis N, et al. Detection of sub- 
microscopic lymph node metastases with polymerase chain 
reaction in patients with malignant melanoma. Ann Surg 1994; 
220:768-74. 

9. Blaheta HJ, Schittek B, Breiminger H, et al. Lymph node mi- 
crometastases of cutaneous melanoma: increased sensitivity of 
molecular diagnosis in comparison to immunohistochemistry. 
Int J Cancer 1998; 79:318-23. 

10. Li W, Stall A, Shivers SC, et al. Chnical relevance of molecular 
staging for melanoma: comparison of RT-PCR and immuno- 
histochemistry staining in sentinel lymph nodes of patients 
with melanoma. Ann Surg 2000; 231:795-803. 

11. Hoon DS, Wang Y, Dale PS, et al. Detection of occult mela- 
noma cells in blood with a multiple-marker polymerase chain 
reaction assay. J Clin Oncol 1995; 13:2109-16. 

12. Sarantou T, Chi DD, Garrison DA, et al. Melanoma-associ- 
ated antigens as messenger RNA detection markers for mela- 
noma. Cancer Res 1997; 57:1371-6. 

13. Hatta N, Takata M, Takehara K, Ohara K. Polymerase chain 
reaction and immimohistochemistry frequently detect occult 
melanoma cells in regional lymph nodes of melanoma patients. 
J Clin Pathol 1998; 51:597-601. 

14. Kuo CT, Hoon DS, Takeuchi H, et al. Prediction of disease 
outcome in melanoma patients by molecular analysis of par- 
affin-embedded sentinel lymph nodes. J Clin Oncol 2003; 
21:3566-72. 

15. Balch CM, Buzaid AC, Soong S-J, et al. Final version of the 
American Joint Committee on Cancer staging system for 
cutaneous melanoma. J Clin Oncol 2001; 19:3635-48. 

16. Paradelo C, Fraile M, Ferrandiz C, Alastrue A, Bigata X. 
Lymphoscintigraphy in the study of lymphatic drainage pat- 
terns in patients with melanoma. Med Clin (Bare) 1999; 
113:281-4. 

17. Rex J, Paradelo C, Mangas C, et al. Single-institutional 
experience in the management of patients with clinical 
stage I and II cutaneous melanoma. Results of the sentinel 
lymph node biopsy in 240 cases. Dermatol Surg 2005; 
31:1385-93.. 

18. Smith B, Selby P, Southgate J, Pittman K, Bradley C, Blair 
GE. Detection of melanoma cells in peripheral blood by means 
of reverse transcriptase and polymerase chain reaction. Lancet 
1991; 338:1227-9. 



19. Reintgen D, Balch CM, Kirkwood J, Ross M. Recent advances 
in the care of the patient with mahgnant melanoma. Ann Surg 
1997; 225:1-14. 

20. Kirkwood JM, Ibrahim JG, Sondak VK, et al. High- and low- 
dose interferon alfa-2b in high-risk melanoma: first analysis of 
intergroup trial E1690/S9111/C9190. / Clin Oncol 2000; 
18:2444-58. 

21. Kaplan EL, Meier P. Nonparametric estimation from incom- 
plete observations. J Am Stat Assoc 1958; 53:457-81. 

22. Wagner JD, Corbett L, Park HM, et al. Sentinel lymph node 
biopsy for melanoma: experience with 234 consecutive proce- 
dures. Plast Reconstr Surg 2000; 105:1956-66. 

23. Albertini JJ, Cruse CW, Rapaport D, et al. Intraoperative 
radio-lympho-scintigraphy improves sentinel lymph node 
identification for patients with melanoma. Ann Surg 1996; 
223:217-24. 

24. Ribuffo D, Gardilone A, Vonella M, et al. Prognostic signifi- 
cance of reverse transcriptase-polymerase chain reaction-neg- 
ative sentinel nodes in mahgnant melanoma. Ann Surg Oncol 
2003; 10:396-402. 

25. Bostick PJ, Morton DL, Turner RR, et al. Prognostic 
significance of occult metastases detected by sentinel lym- 
phadenectomy and reverse transcriptase-polymerase chain 
reaction in early-stage melanoma patients. J Clin Oncol 1999; 
17:3238-44. 

26. Takeuchi H, Morton DL, Kuo C, et al. Prognostic significance 
of molecular upstaging of paraffin-embedded sentinel lymph 
nodes in melanoma patients. J Clin Oncol 2004; 22:2671-80. 

27. Blaheta HJ, Schittek B, Breuninger H, et al. Detection of 
melanoma micrometastasis in sentinel nodes by reverse tran- 
scription-polymerase chain reaction correlates with tumor 
thickness and is predictive of micrometastatic disease in the 
lymph node basin. Am J Surg Pathol 1999; 23:822-8. 

28. Goydos JS, Patel KN, Shih WJ, et al. Patterns of recurrence in 
patients with melanoma and histologically negative but RT- 
PCR-positive sentinel lymph nodes. J Am Coll Surg 2003; 
196:196-204. 

29. Kammula US, Ghossein R, Bhattacharya S, Coit DG. Serial 
follow-up and the prognostic significance of reverse transcrip- 
tase-polymerase chain reaction-staged sentinel lymph nodes 
from melanoma patients. J Clin Oncol 2004; 22:3989-96. 

30. Bautista NC, Cohen S, Anders KH. Benign melanocytic nevus 
cells in axillary lymph nodes. A prospective incidence and 
immunohistochemical study with hterature review. Am J Clin 
Pathol 1994; 102:102-8. 

31. Johansson M, Arstrand K, Hakansson A, Lindholm C, Kage- 
dal B. Quantitative analysis of tyrosinase and tyrosinase-related 
protein-2 mRNA from melanoma cells in blood by real-time 
polymerase chain reaction. Melanoma Res 2000; 10:213-22. 

32. Davids V, Kidson SH, Hanekom GS. Melanoma patient 
staging: histopathological versus molecular evaluation of the 
sentinel node. Melanoma Res 2003; 13:313—24. 

33. McMasters KM, Noyes RD, Reintgen DS. Lessons learned 
from the Sunbelt Melanoma Trial. J Surg Oncol 2004; 
86:212-23. 

34. Cayuela A, Rodriguez- Dominguez S, Lapetra-Peralta J, Con- 
ejo-Mir JS. Has mortality from malignant melanoma stopped 
rising in Spain? Analysis of trends between 1975 and 2001 . Br J 
Dermatol 2005; 152:997-1000. 



Ann. Surg. Oncol. Vol. 13, No. 7, 2006 



